718896 


A  REPORT  FROM 


Owens  "Illinois 
Technical  Center 


Roproducod  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

SpringtiaM,  Va.  22IS1 


()  W  i:  N  S  I  I  I  I  N  ( )  I 


s 


<.l'\  I-  H  \  l  (  II  I  |l  1'^  (l)  I  (  I  I  I  I  M  I 


BEST 

AVAILABLE  COPY 


1 

I 

I  !)  !'•; 

AnVANCH'.  IU  bf.AK.;.H  Pfvo  It'S  M  ' 

T  AR?A  ORDER  NO 

”■  !’!;oi  nA'-i  y'n-\i' 


SEMI' ANWb'AL  lEOHMCAL  REPORI 
By;  N.L„  Boling,  L  Spancudis,  and  P  R  Wm  1;^  >  i 

DAMAGE  THRESHOLD  STUDIES  OF_GLASS  LASER_MaT!-R  1  Al,; 

z'l 'TifilV'ry 

■  Jl  iJtHJ¥  \9f6 

CONTRACT  NO,  DAHCl5-69-C-030‘3 


CONTl^ACT  uATE 
CONTRACT  EXPIRATION 
CONTRACT  At^OUNT 


30  JUNE  I'-) 60 
30  .iUi':.  1971 


5418.967 


D  D  C 

nrP||y 

FEB  24  )971  !! 


c 


CONSUMER  &  TECHNICAL  PRODUCTS  DIVISION 
OWENS-ILLINOIS.  INC 
TOLEDO,  OCIO 

PHONE'  1419)  242-6543,  EXTENSION  nOn  ■ 


j  LAETiG''0..  . . ;_j|| 

I  A;;;.:pvjd  [u!.'  ;  :  ^  I 

I  Di'l; iOlD'oii 


FORNORD 


I 

s 

I 

I 

I 

! 

J 

i 

I 

i 

1 

4 

I 

\ 

I 


The  work  outlined  in  this  semi-annual  report  was  performed 
under  Contract  DAHC15-69-C-0303,  ARPA  Order  1441,  and  Program 
Code  P9D10.  The  work  was  performed  within  the  Consumer  and 
Technical  Products  Division  of  Owens-Illinois,  Inc.,  Toledo,  Ohio 
and  covers  the  time  period  from  1  July  1970  through  31  December  1970. 

The  principal  investigator  for  the  program  is  N.  L.  Boling 
and  the  program  manager  is  H.  A.  Lee.  The  thermodynamics  of  the 
raeltlng  of  laser  glass  in  platinum  is  being  conducted  by  L.  Spanoudis 
under  the  direction  of  P  R,  Wengert,  This  contract  is  administered 
by  the  Chief,  Defense  Contract  Administration  Services  Office, 

Toledo.  Ohio  Dr.  Maurice  J  Stnnott,  Director  for  Materials  Sciences, 
AKTA  ,  i-i,  lin  Loiii.  1 .11, 1  Technical  Representative 


TABLE  OF  CONTENTS 

PAGE 


1.  SUMMARY . 1 

2.  PARTICUUTE  DAMAGE  STUDY .  5 

2A.  Practical  Application  of  Thermodynamics  to  Laser  ....  5 

Glass  Melting 

I.  Introduction  -  Section  2A .  5 

II.  Literature  Search  -  Section  2A  .  8 

III.  Determination  of  Activities  -  Section  2A . 10 

IV.  Summary  and  Conclusions  -  Section  2A . 33 

V.  Acknowledgement  -  Section  2A  . . 34 

2B.  Particle  Detection . 35 

3.  SURFACE  DAMAGE  STUDY . 36 

3A.  Introduction  .......  .  36 

3B.  Holographic  Study  .  40 

3C.  Chemical  Treatment  of  Surfaces . 44 


4 ,  APPENDICES 

I.  Bibliography  for  Activity  Coefficient  Literature  Search.  46 

II.  Calculation  of  Metal  Oxide  Activity  in  Silica  for  ...  68 
Glass  No,  5 

III.  Calculation  of  Activities  and  Activity  Coefficients  .  .  69 

from  Binary  Free  Energy  of  Formation  Data 

IV.  Calculations  of  the  Activities  of  Metals  in  Platinum  .  .  70 


LIST  OF  TABLES 


TABLE  1 

TABLE  2 

TABLE  3 

TABLE  4 

TABLE  5 

TABLE  6 

TABLE  7 

TAI  I.E  8 

TABLE  9 

TABLE  10 


Laser  Glass  Compositions  of  Comnerclal  Interest 


Activity  of  Hetal  Oxides  in  Silica  at  1533°K 


Free  Energy  Data  of  Binary  Silicates 

Summary  of  Activities  Calculated  Using  AF^'s  From 
Table  3 

Summary  of  Activities  of  Metals  in  Platinum  at  1533^K 


Comparison  of  Heats  of  Formation  Calculated  From 
Electronegativities  With  Maasured  Values 


Comparison  of  Heats  of  Formation  Calculated  From 
Pauling's  Eleotronegativltles  and  Mott's  Correetlon 
With  Measured  Values  in  Kcal  Per  Mole 


Comparison  of  P.  Goldfinger's  "cr"  Parameter  for 
Several  Known  Compounds 


Estimated  and  Calculated  Heats  of  Formation  Taken 
From  J.  H.  0.  Varley  (Ref.  3.1.24.) 


Estimated  and  Calculated  Heats  of  Formation  Taken 
From  0.  Kubaschewski  (Ref.  3.1.19) 


ABSTRACT 


DAMAGE  THRESHOLD  STUDIES  OF  GLASS  LASER  MATERIALS 

V 

This  report  discueeea  work  perforaad  under  ARPA  contract  no. 
I]AHC15-70>C-0303  during  the  period  1  July  1970  to  31  December  1970. 

Thle  work  has  two  aspects:  an  Investigation  of  elimination  of 
damaging  platinum  particles  from  laser  glass  melted  In  platinum 
crucibles,  and  a  study  of  the  causes  and  prevention  of  surface 
damage  to  laser  glass  exposed  to  high  Intensity  laser  pulses. 

Work  performed  on  the  former  aspect  In  the  specified  period 
has  Involved  a  theoretical  Investigation  •-  based  upon  a  literature 
search  --of  activity  coefficients.  The  goal  of  this  Is  determination 
of  partial  pressures  of  oxygen  In  the  melting  environment  which  will 
prevent  formation  of  damaging  platinum  particles  and  at  the  same 
time  prevent  crucible  attack. 

The  surface  damage  study  Involves  a  search  for  causes  of  damage 
through  high  speed  holography.  Farther,  chemical  treatments  of  glass 
surfaces  are  being  explored  as  a  means  of  Increasing  the  damage 
threshold.  Work  on  this  surface  damage  phase  has  primarily  Involved 
design  and  modification  of  experimental  equipment  which  will  be 

I 


used, 


1  SUMMARY 


\ 

The  problem  addressed  by  the  work  described  in'th^  report  Is 
the  damage  of  laser  glass  by  high  power  laser  pulses.  This  damage 
is  generally  considered  to  take  one  of  throe  forms.  In  order  of 
increasing  damage  threshold  these  are:  particulate  damage,  surface 
damage,  and  self  focusing  damage.  This  work  concerns  itself  primarily 
with  the  first  two  of  these. 

Damage,  due  to  platinum  particles,  of  laser  glass  melted  in 
platinum  crucibles  has  been  characterised  by  previous  work  under  this 
contract.  One  of  the  goals  of  the  present  effort  is  the  prevention 
of  the  formation  of  these  particles  during  the  melting  of  the  glass, 
at  least  to  the  extent  that  they  are  no  longer  of  appreciable  concern 
as  damaging  agents. 

Our  study  is  predicated  on  the  assumption,  which  has  much  support¬ 
ing  evidence,  that  oxygen  in  the  melting  environment  is  necessarily 
involved  in  producing  platinum  in  the  finished  glass.  The  oxygen  level 
cannot,  however,  be  reduced  arbitrarily  since  attack  of  the  platinun 
crucible  by  elements  of  the  melted  glass  occurs  below  a  certain  partial 
pressure  of  oxygen  Consequently,  the  first  phase  of  our  approach  to 
this  problem  consists  of  a  theoretical  study  of  the  thermodynamics  of 
melting  laser  glass  in  platinum  crucibles.  By  determining  the  activity 
coefficients  of  the  several  oxides  present  during  the  melting  process 
and  the  cor  .responding  activity  coefficients  in  platinum,  the  minimum 
partial  pressure  of  oxygen  that  must  be  maintained  to  prevent:  crucible 
attack  can  be  determined. 
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Subsequent  phases  of  the  particulate  damage  study  will  consist 
of  reducing  to  practice  the  theoretical  results  obtained  in  the  thermo¬ 
dynamics  study.  Although  various  methods  of  detection  have  been  and 
are  being  investigated,  the  must  reliable  test  Co  date  is  subjection 
of  the  glass  to  a  high  power  laser  pulse.  In  view  of  this,  a  laser 
testing  facility,  previously  constructed  using  equipment  furnished  by 
Redstone  Arsenal,  Is  being  adapted  to  this  end. 

Work  accomplished  in  the  particulate  damage  phase  of  this  contract 
is  briefly  as  follows: 

1. )  A  literature  search  for  activity  coefficients  of  oxides  in 
laser  glasses  and  corresponding  activities  in  platinum  has  been  com¬ 
pleted  and  data  obtained  have  been  evaluated. 

2. )  Samples  of  laser  glass  have  been  sent  to  Battelle  Memorial 
Institute  of  Columbus,  Ohio,  for  experimental  determination  of  some 
activity  coefficients.  The  purpose  of  this  is  verification  of  the 
theoretical  approach  taken. 

3. )  The  high  power  Q-switched  laser  alluded  to  above  is  in  the 
final  stages  of  modification. 

Surface  damage,  the  .second  form  of  damage  studied  under  this  con¬ 
tract,  is  being  approached  from  two  complementary  directions.  The 
first  of  these  involves  the  plasma  created  by  the  laser  pulse  at  the 
damage  site,  Evidence  obtained  by  various  investigators  implies  that 
this  plasma  is  a  cause  of  damage  In  view  ot  this,  one  phase  of  our 

surface  damage  program  Involves  chemical  treatments  of  glass  surfaces. 
These  treatments  are  designed  either  to  strengthen  the  surface  against 
the  damaging  plasma  or  to  eliminate  the  plasma. 
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The  second  of  our  two  approaches  to  surface  danage  takas  the 
form  of  an  Investigation  of  Its  causes.  This  investigation  looks 
not  only  at  the  plasma  aspect  of  damage  mentioned  above,  but  also 
explort-a  other  proposed  damage  mechanisms  involving  creation  of 
shock  waves  inside  the  glass.  High  speed  holography  is  being  used 
to  detect  any  shock  waves  created  by  the  passage  of  a  laser  beam 
through  a  glass  sample, 

Work  on  the  surface  damage  study  has  been  directed  thus  far 
toward  equipment  modification  and  study  of  experiments  which  will  be 
conducted.  Consequently,  no  numerical  data  have  yet  bean  obtained. 

Work  completed  is  as  follows: 

1. )  A  ruby  laser  has  been  received,  assembled,  and  checked  out. 
This  is  the  laser  which  is  being  used  to  construct  high  speed  holograms. 

2. )  Modification  of  the  Nd  glass  laser  to  be  used  for  damaging 
glass  samples  has  been  completed.  This  modification  involved  replace* 
ment  by  a  Kerr  cell  of  the  rotating  mirror  previously  used  for  Q* 
switching. 

3. )  The  two  lasers  alluded  to  in  (1)  and  (2)  have  been  inter¬ 
connected  to  allow  timing  of  the  ruby  pulse  relative  to  the  Nd  pulse 
to  within  ±  3  ns, 

4. )  Holograms  of  fringe  patterns  in  a  transparent  plastic  block 

under  stress  have  been  made, 

3.)  Construction  of  the  laser  to  be  used  in  the  chemical  treat¬ 
ment  phase  of  surface  damage  has  been  completed.  This  laser  is  in 
the  final  stages  of  beam  characterization. 

6.)  A  study  of  several  chemic  I  treatments  to  which  glass  sur¬ 
faces  under  investigation  will  be  subjected  has  been  completed. 
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Work  during  th«  second  hnlf  of  this  flscsl  yssr  will  Involve 
further  modiflcstion  of  the  Nd  glsss  Isssr  to  be  used  In  the  holo* 
grsphlc  studies.  The  reasons  for  this  are  twofold.  First,  the  Kerr 
ceil  used  for  Q-svltching  exhibits  a  tendency  to  dsMSge  and  will  have 
to  be  replaced  by  a  Focksls  coll.  Second,  If  rslleble  results  ere  to 
be  obtained,  the  daweglng  laser  bessi  Mist  be  well  characterised. 

Because  of  this  the  glass  Isser  will  be  aodlfled  so  that  it  cnits  a 
diffraction  limited  beam.  This  besm  will  be  used  net  only  in  the  hole- 
grsphlc  study,  but  si so  in  the  later  stages  of  the  chssilcal  treatment 
investigation. 


2.  PARTICULATE  DAMAGE  STUDY 


2A.  PRACTICAL  APPLICATION  OF  THERMODYNAMICS  TO  LASER  GLASS  MELTING 

»^'!RODUCTION 

The  goal  of  this  phase  is  to  determine  the  thermodynamic 
activities  of  oxides  in  laser  glass  melts  of  practical  importance  and 
of  Che  corresponding  metals  in  platinum.  Table  1  lists  the  laser 
glasses  of  practical  importance  being  melted  throughout  the  world. 
During  the  first  half  of  the  1971  fiscal  year,  a  literature  search 
has  been  conducted  covering  the  following  main  areas: 

1.  activities  of  oxides  in  binary  and  ternary  systems; 

2.  activities  of  metals  in  platinum; 

3.  general  data  on  similar  system^i  and  methods  of  estimating 
thermodynamic  activities,  free  energies  of  formation, 

and  heats  of  formation. 

This  is  the  first  attempt  of  gathering  and  consolidating 
activities  of  oxides  and  of  platinum  alloys  to  appear  in  the  liter* 
ature  The  empirical  studies  to  be  carried  out  at  Battelle  have 
been  .started  but  no  results  have  been  obtained  to  date,  because 
only  one  glass  system  is  being  studied  empirically,  substantial 
c-rtuii  h.is  been  devoted  Co  estimating  the  thermodynamic  activities 
in  Che  other  Laser  glass  compositions.  Determination  of  the 
chcnioayiianic  activities  is  divided  into  the  following  categories: 
direct:  empirical  measurement  of  activities;  eatimations  based  upon 
experimental  observations;  and  estimations  based  upon  more  theoretical 
properties  such  as  electronegativity. 
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TABLE  1 

LASER  GLASS  COMPOSITIONS  OF  COMMERCIAL  INTEREST 


Glass  No. 

Cgngonent 

Hole  Fraction 

1 

SiO^ 

0.785 

BaO 

0.014 

Na20 

0.080 

K2O 

0.112 

Nd203 

0.010 

2 

SIO, 

0.719 

AI2O3 

0.014 

Sb203 

0.002 

BaO 

0.014 

ZnO 

0.017 

Li20 

0.023 

0.068 

K^O 

0.113 

NdzOs 

0.010 

3 

Si02 

0.791 

TIO2 

0.004 

Sb203 

0.005 

BaO 

0.018 

PbC 

0.006 

Na20 

0.045 

K,0 

0.126 

Nd203 

0.006 

4 

Si02 

0.480 

^2°3 

0,174 

AI2O3 

0.073 

AS2O3 

0.073 

BaO 

0.255 

Nd203 

0.013 
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TABLE  1 

LASER  GLASS  COMPOSITIONS  OF  COMMERCIAL  INTEREST  (cont’d) 


3 


Component 

Mole  Fraction 

SiO^ 

0.593 

AI2O2 

0.025 

K2O 

2. 12  X  10” 

Ce02 

1.6  X  10“ 

Fe203 

9.4  X  10"' 

Na20 

9.42  X  10" 

Li20 

0.275 

0.005 

CaO 

0.100 

6 

SIO^ 

0.762 

AI2O3 

0.017 

0.002 

Ball 

0.023 

ZuO 

0.017 

Li20 

0.023 

Na^O 

0.077 

0.080 

NdoO„ 

0.010 

7 

Siu^ 

0.792 

0.010 

BaO 

0.022 

ZnO 

0.012 

Li.,0 

0.022 

Na20 

0.080 

0.053 

0.007 

8 

Siu^ 

0.773 

88203 

0.002 

BaO 

0.113 

Na,,0 

Oji) 

K.O 

...j  13 
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II.  LITERATURE  SEARCH 


A  literature  search  is  summarized  In  the  bibliography  attached  as 
Appendix  I. 

The  melts  of  Interest  as  listed  In  Table  1,  are  basically  ternary 
oxides  with  two  to  six  additional  oxides  added  In  small  quantities, 
from  1.5  to  9  weight  percent.  The  relative  abundance  of  binary  oxide 
data  is  caused  by  the  steel  Industry's  Interest  In  slags  as  well  as 
glass  Industry's  Interest  In  Immiscible  glass  systems. 

Data  on  the  activities  of  metals  In  platinum  is  not  very  abundant. 

The  main  user  of  platinum  is  the  oil  refining  industry  where  it  Is 
used  as  a  catalyst.  In  this  low  temperature  application,  information  on 
the  thermodynamics  of  platinum-metal  systems  Is  not  critical.  The 
amount  of  glass  melted  In  platinum  containers  or  in  contact  with  platinum 
within  the  glass  industry  Is  small  In  both  volume  and  dollar  value  of 
glass  sold.  Although  It  la  highly  critical  In  optical  glass  applications, 
this  sole  application  cannot  support  the  magnitude  of  research  which 
has  been  given  to  oxide  systems  or  to  other  metal  systems.  Several 
of  the  references  listed  In  this  section  of  Appendix  I  are  empirical 
observations  which  assist  In  estimating  the  activity  of  metals  In 
dilute  T'Olutlons  In  platinum. 

In  order  to  use  the  Information  within  the  literature,  and  the  data 
which  will  be  generated  within  the  empirical  measurement  of  activities 
within  one  glass-platinum  system,  several  methods  of  estimation  have  been 
examined  In  order  to  proceed  from  the  level  of  Information  presented 
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directly  In  the  llternture  to  the  level  of  Information  which  would 
assist  In  the  understanding  of  melting  laser  glasses  in  platinum 
crucibles.  When  attempting  to  estimate  the  activity  of  one  metal  within 
platinum,  It  Is  at  times  useful  to  luiow  the  activity  of  other  metals 
In  platinum  or  In  metals  similar  to  platinum.  As  a  result,  general 
data  on  activities  and  energies  of  formation  are  relevant  to  this  study. 
Because  some  of  the  general  data  sources  are  texts  which  also  Include 
methods  of  estimating  thermodynamic  functions,  the  two  categories  have 
been  placed  together  in  the  bibliography. 
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111.  DETERMINATION  OF  ACTIVITIES 


A.  Activities  of  Oxides  In  Laser  Glasses 

1.  Method  used  for  Estimating  Activities  in  Oxides 

Although  a  substantial  amount  of  data  is  available  In  the 
literature  for  oxide  systems,  the  work  Is  generally  limited  to  simple 
binary  alkali  silicates  or  complex  glasses  and  slags  whose  compositions 
do  not  approach  that  of  the  common  laser  glasses. 

In  estimating  the  activities,  a  complex  glass  composition 
of  interest  has  been  approached  as  a  series  of  several  binary  systems. 

Each  binary  system  consists  of  a  network  modifier  and  a  network  former. 

The  calculated  activities  are  tabulated  In  Table  2.  Appendix  11  presents 
a  sample  calculation. 

Activities  of  oxides  were  also  calculated  In  binary  silicates 
from  free  energy  of  formation  data  (Ref.  3.1.28),  Table  3  shows  the 
systems  studied.  Table  4  shows  a  summary  of  the  calculated  activities 
and  activity  coefficients.  A  sample  calculation  Is  given  in  Appendix  111. 
These  calculated  values  agree  well  with  the  activities  presented  in  the 
literature.  Free  energy  of  binary  silicate  compounds  have  no  doubt  been 
used  to  calculate  some  of  the  values  of  activities  across  the  binary 
system  reported  by  Charles  (Refs.  1.1.3,  4,  3,  and  6)  and  others. 

2,  Estimating  Activities  of  Oxides  from  Ternary 
Phase  Uiagrams 

When  tlie  phase  diagrams  of  a  ternary  system  Is  known 
together  with  the  activities  of  species  at  various  points  within  the 

phase  diagram,  t!ie  isoactivity  lines  can  then  be  estimated.  Sufficient 
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TABLE  2 


ACTIVITY 

OF  METAL 

OXIDES  IN  SILICA  AT 

1533"K 

Glass 

^leO 

^MeO 

^eO 

No, 

Coiaponent 

X 

X 

X 

Refj^ 

1 

Si02 

0.785 

0.79 

0.62 

1.1.3. 

BaO 

0.014 

Na20 

0.080 

1.6X10-^ 

1.3X10- ® 

1.1.3. 

K2O 

0.112 

2.0X10-11 

2.2.X10-12 

1.1.3. 

Nd203 

0.010 

2 

Si02 

0.719 

0.45 

0.32 

1.1.3. 

AI2O3 

0.014 

Sb203 

0.002 

BaO 

0.014 

ZnO 

0.017 

Li20 

0.023 

1.6X10" 5 

3.7X10-® 

1.1.3. 

Na20 

0.068 

1X10-'^ 

6.8X10-3 

1.1.3. 

K2O 

0.113 

6.3X10-11 

7.1X10-12 

1.1.3. 

Nd203 

0.010 

3 

Si02 

0.791 

0.87 

0.62 

1.1.3. 

Ti02 

0.004 

Sb203 

0.005 

BaO 

0.018 

PbO 

0.006 

ila20 

0.045 

6.3X10"® 

2.8X10-3 

1.1.3. 

K2O 

0,126 

1X10-11 

1.26X10-12 

1.1.3 

Nd203 

0,006 

h 

Si02* 

0,481 

1.1 

0,53 

1.1,17. 

U2O3 

0:174 

AI2O3 

U,U/3 

AS2O3 

0,005 

BaO* 

0,255 

,15 

9.4X10-2 

1.1.17. 

::d2  0  3 

0,013 
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TABLE  2  (cont'd) 


Glass 

“MeO 

^'leO 

^MeO 

Noo 

Component 

X 

X 

X 

Ref. 

5 

SLO^- 

O.b'.LB 

0,63 

0.37 

1.1.3. 

AI2O3 

0.0^  j 

K^O 

2 . 12X10"^ 

().3X10-'J 

1.3X10“ 

1.1.3. 

CeO 

1.6X10-3 

Fe203 

9. 4X10- ® 

Na20 

2.42X10-^ 

6.3X10-’' 

1.5X10-15 

1.1.3. 

Li20 

0.275 

2,0X10-5 

5.5.X10-8 

1.1.3. 

Nd203 

0.005 

CaO* 

0 . 100 

7.6X10-2 

7.6X10-3 

1.1.17. 

6 

SiOg 

0.762 

0 . 40 

0.30 

1.1.3. 

AI2O3 

0.017 

Sb203 

0.002 

BaO 

0,023 

ZnO 

0.017 

Li20 

0.023 

3.68X10-5 

3.7X10-'^ 

1.1.3. 

Na20 

0.077 

6.3X10-8 

4.9X10-8 

1.1.3. 

K2O 

0.080 

1X10" 

8X10-12 

1.1.3. 

Nd203 

0.010 

7 

Si02 

0.792 

1.07 

0.85 

1.1.3. 

AI2O3 

0.010 

Ban 

0.022 

2iin 

Li'.O 

0.022 

1.6X10-5 

3.5X10-^ 

1.1.3. 

Na20 

0.080 

3.2X10-8 

2.5X10-8 

1.1.3. 

K20 

0.053 

1X10- 

5.3X10-18 

1.1.3. 

Nd203 

0,007 

3 

Si02 

0  7/3 

1.24 

0.96 

1.1.3. 

Sb203 

0,002 

BaO 

0-113 

Na^O 

0,100 

1X10 "8 

IXIO-'^ 

1.1.3. 

1^2  6 

0.013 

3=2X10-1  ’ 

4.1X10-18 

1.1.3. 

*Thifi  data  for 
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TABLE  3 


FljEE  ENERGY  DATA  OF  BINARY  SILICATKS 


(Cal.) 

1533°K  (G.Mole) 


BaO(c)  +  23102 (c)  -  BaSl205(c) 

-41,300 

CaO(c)  +  3102 (c)  "  Ca3102 

-21,050 

PbO(red)  +  3102(c)  -  PbS102(c) 

-  4,500 

(est.) 

Ll20(c)  +  23102(c)  -  Ll23i203(gl) 

-39,200 

(est.) 

MgO(c)  +  3102(c)  -  Mg3102(c) 

-  7,650 

K20(c)  +  43102(c)  -  K2S1^0g(gl) 

-81,000 

Na20(c)  +  2S102(c)  =»  Na2Si20^(gl) 

-59,400 

2ZnO(c)  +  3102(c)  -  Zn2310^(c) 

-  7,400 
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TABLE  4 


SUMMARY 

OF  ACTIVITIES  CALCULATED  USING 

AF“’s  FROM  TABLE  3 

MeO 

X 

^leO 

X 

‘■“S  “MeO 

X 

^MeO 

X 

'’^MeO 

X 

BaO 

0,33 

-  5.86 

1.38X10-S 

4,18X10-6 

CaO 

0,50 

-  3,00 

1X10-3 

2X10-3 

PbO 

0,50 

-  0.613 

2, 43X10- i 

4,86X10-1 

LizO 

0.33 

-  5.59 

2.57X10-6 

7.79X10"6 

MgO 

0.50 

-  1,09 

8, 13X10-2 

1.63X10-1 

K^O 

0,20 

-11,54 

2,88X10-12 

1.44X10-11 

Na2  0 

0,33 

-  8.47 

3,39X10-3 

1,03X10-6 

ZnO 

0,66 

-  0.53 

2.95X10-1 

4.47X10-1 

information  may  be  available  to  pursue  this  technique  during  the 
next  quarter.  Charles  (Ref.  1.1.3.)  gives  good  data  on  binary  alkali 
silicates  wliile  Clvipman,  et.al.  (Ref,  1,3.1.)  has  presented  the 
technique  as  have  others  (Refs.  1.2.5.;  1.1.23;  and  1,2  1.). 
ba  Activities  of  Metals  in  Platinum 

In  the  last  quarter  the  estimation  of  tl^e  activities  of 
metals  In  Pt  received  the  greatest  attention.  Table  5  represents  the 
best  estimates  made  to  date.  Further  Improvements  will  be  made  In  the 
second  half  of  the  1971  fiscal  year.  Actual  measurement  carried  out 
at  battelle  will  be  a  most  valuable  asset. 

The  activity  of  the  various  metals  In  Pt  appearing  In  Table 

5  are  taken  at  a  high  Pt  content.  The  mole  fraction  of  the  metal  In  Pt 

P  t 

(i<^^  )  corresponds  to  the  point  of  "failure",  "Failure"  would  occur: 

(1)  if  a  liquid  phase  was  formed;  (2)  if  an  Intermetalllc  compound 
formed;  or  (3)  If  a  large  Increase  In  the  Pt  lattice  parameter  occurred 
on  addition  of  the  metal.  Most  of  the  metal-platinum  phase  diagrams 
of  Interest  are  not  available.  From  those  which  are  avallablsi  1  at.% 
of  the  metal  In  Pt  can  be  dissolved  In  the  Pt  before  failure  would  be 
G  xpeotG-’ 

1-  estimations  based  Upon  Direct  Measurement  of  Activities 
and  Upon  Experimental  Observations 

The  values  presented  in  Table  3  are  derived  from  estimates 
calculated  from  Appendix  IV,  Direct  measurement  of  activities  and 
empirical  observations  are  used  where  available.  Estimates  based  on 
theoretical  models  have  not  been  added  at  this  time.  In  the  next  half 
year  the  battelle  empirical  study  will  be  completed;  It  Is  expected  to 
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ComoonanL 

accivlcv 

Calcium 

K’"* 

Lithium 

10"^* 

Aluminum 

10'“ 

Barium 

io"‘^ 

Titanium 

1 

O 

Iron 

10*^ 

Antimony 

cn 

1 

o 

Corium 

10*® 

Sodium 

10*® 

Potaasium 

10*“ 

Uoron 

10-« 

Araenlc 

10-^ 

Maodymium 

10* 

Load 

O 

i 

Zinc 

10*^ 

Silicon 

10"® 

16- 


provide  activities  of  Li,  Ca,  Al,  and  Sio  Ocher  elements  in  small 
amounts  may  also  be  detected.  With  at  least  these  four  activities,  the 
;  le.rucical  methods  of  estimating  activities  can  be  reliably  tested. 

2,  Estimations  based  Upon  Theoretical  Models 

Several  authors  have  attempted  to  correlate  various 
empirical  observations  using  different  chemical  models.  The  ultimate 
ill  chemi..al  modeling  would  predict  all  desired  variables  from  funda¬ 
mental  principles.  Tlie  field  of  estimating  thermodynamic  data,  however, 
is  not  graced  with  such  a  universal  model  to  date.  Several  authors  hava 
presented  chemical  models  which  could  be  used  to  predict  heats  of 
form  tion  of  chemical  compounds.  Tliermodynamlc  activities  can  be 
calculated  from  this  variable,  as  is  done  in  Appendix  IV.  In  several 
cases  tlieir  ultimate  goal  was  not  to  estimate  heats  of  formation  but  to 
estimate  some  other  ciiemlcal  property.  Pauling  (hcf.  3.2.3.)  was 
..ice rested  in  finding  a  fundamental  variable  whiclt  would  quantitatively 
describe  the  uccraction  of  atoms  for  bonding  electrons,  b.  W.  Mott 
(iu>f  3  2  2  )  lias  used  an  expression  related  to  the  heat  of  formation 
to  predict  whether  or  not  a  binary  alloy  system  formed  an  immiscibility 
)?,ap  i’  Goldfiiiger  lias  found  an  empirical  ratio  wliich  has  been  used 
principally  to  estimate  dissociation  energies  of  heterogeneous  diatomic 
g.is  ir.oJecules  During  tlie  past  quarter,  ai^  attempt  has  been  made  to 
detcriiunc  li  tliuse  tliree  chemical  models  could  be  used  to  estimate  heats 
at  rorr.atloii  of  the  platinum  compounds  of  interest.  Varley  and  Kubaschewskl 
have  developed  methods  for  estimating  heats  of  formation  directly.  Their 
work  nas  also  been  reviewed  to  determine  if  their  estimating  methods 
would  reliably  predict  the  heats  of  formation  of  the  platinum  compounds 
of  interest. 
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aj(„,„,,Electrone^ativit2_ 


Electronegativity  is  defined  as  a  measure  of  the 
attraction  of  an  atom  In  a  molecule  for  bonding  electrons.  Pauling 
(Ref.  3«2.3«)  determined  electronetatlvltles  for  fourteen  elements 
using  bond  dissociation  energy  data  of  gaseous  diatomic  molecules.  For 
the  other  elements  of  Interest)  he  was  able  to  calculate  electronegativities 
from  enthalpies  of  formation  using  the  equation: 

-AH*[AB^(8)]  -  23.06n(E^-Ejj)^  Eq.  1 

where  Is  the  enthalpy  of  formation  of  compound  AB^(solld)  and  E^ 
and  Ej^  are  the  electronegativities  of  elements  A  and  U. 

Our  objective  was  to  use  Pauling's  electronegativities 
to  determine  the  enthalpies  of  formation  of  various  platinum  compounds. 

Table  6  gives  a  summary  of  values  calculated  from  Pauling's 
electronegativities  compared  with  measured  values  reported  In  the 
literature. 

For  some  compounds  large  discrepancies  exist  between 
observed  and  calculated  heats  of  formation.  The  reasons  for  these  discrep¬ 
ancies  are  listed  below  with  some  possible  alternatives  to  assist  In 
making  Pauling's  equation  more  applicable  to  the  alloy  systems  being 
studied^ 

(1)  The  electronegativity  of  an  element  Is  not 
completely  Independent  of  the  element  being  bonded  as  would  be  the 
ideal  case.  The  value  of  the  electronegativity  assigned  to  an  element 
does  depend  upon  Its  valence  state  and  upon  the  family  of  compounds 
from  which  the  electronegativities  liave  been  determined.  Pauling's 
values  of  electronegativities  were  determined  mainly  f ron  lentr.  of 
formation  of  halides  and  hyi  rides.  It  Is  desircL'  i:., 
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of  formation  of  metallic  platinum  compounds  where  the  bonding  Is  quite 
different  from  that  encountered  In  halides  and  hydrides.  For  examplCi 
Pauling  calculated  the  electronegativity  of  beryllium  from  the  compounds: 
UeCl^ •  BeBr^i  Bel^.and  BeS  and  obtained  an  electronegativity  value  for 
beryllium  of  1.44,  1.47,  1.47  and  1.44.  Rounding  these  values  to  two 
significant  figures,  the  electronegativity  value  assigned  to  Be  was 
1,5,  If  the  heat  of  formation  of  a  Be-Pt  compound  Is  desired,  using 
the  electronegativity  values  of  the  beryllium  halides  and  sulfide  of 
1,5  may  be  erroneous. 

A  possible  solution  may  be  to  recalculate  a  new 
electronegativity  value  based  upon  the  heats  of  formation  of  known 
platlnldes.  Pauling’s  equation  has  worked  quite  well  In  providing  an 
empirical  relation  between  heats  of  formation  and  the  slowly  varying 
parameter  electronegativity  within  certain  families  of  compounds.  Just 
as  the  heat  of  formation  of  the  alkali  chlorides  decreases  proceeding 
from  LI  to  Cs,  one  may  also  expect  the  heat  of  formation  of  the  platlnldes 
to  decrease  going  from  lithium  to  cesium.  At  high  platinum  concentrations 
the  a.Lkn3.1  metals  may  be  expected  to  donate  their  valence  electron  to 
the  platinum  lattice  as  they  do  to  chlorine  In  the  chlorides.  This  Is 
to  say  that  although  the  heats  of  formation  of  platlnldes  may  not 
correspond  to  a  value  calculated  from  the  current  electronegativity 
table  based  upon  the  formation  of  halides,  the  heats  of  formation  of 
platlnldes  may  be  expected  to  vary  In  a  continuous  fashldn  within  the 
periodic  table  as  do  the  halides.  The  empirical  work  at  Battelle  will 
give  a  heat  of  formation  of  the  platlnldes  of:  LI,  Ca,  Al,  and  SI.  With 
these  values  one  could  recalculate  an  electronegativity  for  platinum 
which  may  be  more  reasonable  In  the  platlnlde  systems  of  Interest,  With 
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TABLE  6 


COMPARISON  OF  HEATS  OF  FORMATION  CALCULATED 
FROM  ELECTRONEGATIVITIES  WITH  MEASURED  VALUES 


4H^  (In  kcal/mole 

Compound 

n 

HI 

Allred^ 

Rochow 

Sapderson 

Ag3Sb 

3 

5.5 

1.6 

31.9 

15.2 

AlAs 

3 

27.8 

24.9 

24.9 

67.5 

AuSb2 

2 

4,7 

5.6 

21.3 

10.2 

AuPb2 

2 

1.5 

16.5 

35.6 

3.9 

AuCu3 

3 

6.5 

17.3 

7.5 

0 

Ba2Sn 

4 

90.0 

92.0 

111.4 

109.4 

BaPb3 

2 

42.0 

37.3 

90.13 

53.7 

Ca3Sb2 

6 

174.0 

152.0 

166.8 

176.4 

CaSi2 

2 

36.0 

37.3 

37.3 

21.3 

Ca2Pb 

4 

51.5 

58.8 

155.4 

83.0 

CaZn5 

5 

33.0 

41.4 

56.4 

73.6 

CeAli* 

4 

39.0 

14.7 

26.8 

35.4 

CoSl 

1 

24.0 

0.2 

0.9 

1.7 

C0SI2 

2 

24.6 

0.5 

1.8 

3.4 

Cu2Sb 

2 

3.0 

1.0 

5.6 

9.3 

CuAl2 

2 

9.5 

7.4 

1.0 

1.8 

MgCu2 

2 

8.0 

22.5 

9.3 

4.7 

Mg2C0 

2 

6.8 

22.5 

9.3 

4.7 

FeAl 

3 

12.2 

6.3 

0 

0.3 

Ll3Sb 

3 

43.0 

76.1 

83.5 

122.1 

Ll2Sn 

2 

27.3 

37.2 

46.0 

61.9 

Na2Se 

2 

82.0 

125.0 

132.9 

167.8 

NiAl3 

3 

36.0 

6.2 

1.6 

0.3 

Mg2Ni 

2 

15.6 

16.6 

9.4 

0.1 

MgNi2 

2 

16.8 

16.6 

9.4 

0.1 

BeCu2 

2 

11,25(2) 

7.4 

1.0 

0.8 

Be2Cu 

2 

11.0(2) 

7.4 

1.0 

0.8 

MgC02 

2 

5.55 

16.6 

7.4 

0.1 

MgCu2 

0 

4m 

7,2 

22.6 

9.4 

4.7 

HgCu 

2 

6,0 

22,6 

9.4 

4.7 

Th2cu2 

2 

12.84(2) 

16.6 

9.4 

8.9 

NOTES:  (1)  Values  from  Ag3Sb  to  NIAI3  from  Ref.  3.1.19;  Values  from  Mg2Nl  to  TI1CU2 
from  Ref.  3a 1.12. 

(2)  These  values  are  ^F* 
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this  new  value  for  the  elec^tronegatlvlty  of  platinum,  one  could  then 
calculate  the  heats  of  formation  of  other  platlnldes  of  Interest,  for 
example  the  platlnldes  of:  Na,  K,  Mg,  Sr,  and  B.  Some  feeling  for  the 
success  of  such  as  estimation  will  be  more  evident  when  the  experimental 
work  at  Battelle  Is  completed  and  more  thermodynamic  data  Is  available. 

(2)  Pauling’s  main  Intention  In  deriving  the 
electronegativity  scale  was  not  to  estimate  heats  of  formation  but  to 
define  a  parameter  which  varied  systematically  across  the  periodic  table 
and  described  quantitatively  (:h  '  nitractlon  of  an  atom  for  bonding 
electrons.  As  a  result,  Pauling's  equation  using  the  heat  of  formation 
to  derive  electronegativities  transforms  a  highly  varlent  parameter, 
the  heat  of  formation,  to  one  that  Is  less  sensitive,  the  electro¬ 
negativity  scale.  A  small  variation  In  electronegativity  therefore 
corresponds  to  a  large  variation  In  the  heat  of  formation. 

Pauling  also  attempted  to  relate  the  bond 
dissociation  energies  of  heterogeneous  diatomic  gas  molecules  to  the 

oaJ  dissociatiof  f'nnrgies  oi  the  corresponding  homonuclear  diatomic 
gas  molecules  using  the  expression: 

D[AB(g)]  -  1/2  (DtA^Cg)]  +  DlB^Cg)]}  +  23n(E^-E^)^  Eq.  2 

An  empirical  fit  was  also  found  using  the  relation: 

D[AB(g)]  -  (UfA^Cg)]  '  D[B2(g)]}^^^  +  30n  Eq.  3 

where  D(A]Kg)  ]  is  the  dissocii’tion  energy  of  AB(ga3)  and  corresponds  to 
the  reaction  AB(g)  ->■  A(r,)  +  B(g)  ,  U[AB(g)]  may  be  more  reliably  pre¬ 
dicted  from  Pauling's  electronegativities  using  Equation  2  than 
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AH^[AB^(s)]  using  Equation  1.  D[AB(g) 1  is  certainly  less  sensitive 
to  the  electronegativity  expression  of  Pauling  than  Ail” [AB^(s) ] .  P. 
Goldflnger  has  found  an  empirical  ratio  which  remains  constant 
throughout  a  family  of  compounds  and  which  relates  AH^[AB(s)]  from 
D[AB(g)]t  It  is  discussed  further  in  a  later  section. 

(3)  In  ionic  and  covalent  solids  the  value  of  n 
appearing  in  Pauling's  equation  is  usually  quite  straightforeward  to 
assign:  n^^^  ■  1;  n^^  ■  2;  n^j^  •  3  and  ng^^  ■  A  in  the  corresponding 
hal.ides  or  oxides.  As  a  b/^nd  becomes  more  metallic,  the  n  value  to  be 
assigned  becomes  more  nebulous.  Should  n  equal  2  or  4  in  Mg^Nl?  Table 
6  shows  that  n  ••  2  gives  good  agreement  to  the  observed  All‘(Mg2Ni)  although 
n  ■  4  gives  better  agreement  to  the  observed  value  of  AU^CMg^Sn) 

(Ref.  3.1.2.). 

The  activity  of  metals  in  Pt  are  desired  at 
the  Pt-rlch  side  of  the  binary  phase  diagram.  ITlien  more  reliable 
data  are  available  from  the  empirical  Battelle  study,  a  system  for 
evaluating  n  may  become  apparent.  Rather  than  examining  heats  for 
reactions  such  as: 

LiPt2  Li  +  2Pt 

**'**XS 

it  may  be  more  meaningful  to  look  for  trends  in  for  the  reaction: 

Ll(pure)  •+■  Li  (in  Pt  soln,  lim  Xj^^  ->  0)  Rx.  1 

“*DCS 

^  is  approximately  equal  to  because  the  entropy  for  the  above 
reaction  is  small  by  comparison.  Therefore: 

«  RT  In  Pt  soln,  lim  x^^^  ->  0) 

In  the  latter  case  Li  (in  Pt  sol'n,  lim  x^ ,  ’>0)  is  expected  to  have 

MX 

an  nj^^  value  of  1.  Similarly,  Ca(in  Pt  sol'n,  lim  0)  is  expected 
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to  have  an  n  value  of  2,  In  these  cases,  donation  of  the  corresponding 
valence  electrons  to  the  Pt  matrix  is  highly  probableo  Knowing  H  . 
for  Li,  Mg,  Al,  and  Si  from  the  experimental  Uattelle  study  will  be 
essential  in  evaluating  this  adoption  of  the  Pauling  equation^ 

b:  Electronegativity  Tables  of  Allred  and 
Rochow  and  of  Sanderson 

Linus  Pauling's  electronegativity  values  are 

calculated  from  the  empirically,  observed  bond  energies  and  heats  of 

formation  of  compounds ;  Ttie  electronegativity  values  of  Allred  and 

Rochcn^  and  of  Sanderson  are  derived  from  more  fundamental  parameters 

(Ref.  3.-2, 5.)  I  The  electronegativity  values  of  Allred  and  Kochow  are 

equated  to  the  Coulomb  force  at  the  covalent  radius  of  the  monoatonic 

gas  of  the  elements,  Sanderson  proposed  a  scale  of  electronegativities 

based  upon  the  relative  compactness  of  the  atoms,  The  resultant 

electronegativity  scales  vary  smoothly  with  atomic  numberg 

The  three  scales  of  electronegativities  were  used 

to  calculate  the  heats  of  formation  of  several  metallic  compounds 

using  Pauling's  equation  [Lq  (1)]  and  are  presented  in  Table  6<>  Of 

the  three  sets  of  values,  those  calculated  using  Pauling's  scale  are 

the  closest  to  the  measured  values  which  is  not  surprising  since  his 

values  have  been  based  upon  empirical  thermodynamic  data.  As  a  result 

Pauling's  electronegativity  scale  has  been  used  in  our  study  to  date. 

ii „  Molt*;;  Irimlsf.ibilitv  Criterion 

Mott  (Ref,  3.2,2.)  proposed  a  model  for  predicting 
immlscibility  in  metal  systems  which  was  over  907,  effective.  He 
introduced  a  correcrion  factor  i)ased  on  PauHug  electronegativities 


-23- 


to  the  expression  for  Immlsclblllty  of  Hildebrand  (Kefc  3cl:.4U,),  It 


was  hoped  that  using  Mott's  expression  for  Ali°  would  give  calculated 
enthalpies  which  would  more  closely  agree  with  measured  values >■  The 
equation  for  derived  from  Mott's  work  Is: 


AH®[A15^(8)]  -  -23,060n  (E^  -  E^)  + 


(1/2) (V^  -  V 


AE 


1/2 


(cal/mole  of  AB^) 


where  and  “  atomic  volumes  of  components  A  and  li 
AE  &  AE  ■  heats  of  vaporization 

V  V 

Ea  &  Ej^  =  Pauling's  electronegativities 
n  ■  number  of  Pauling  bonds r 

Table  7  gives  a  comparison  of  the  measured 
enthalpies  of  formation  of  selected  intermetallic  compounds  vs,  the 
enthalpies  calculated  from  Pauling's  electronegativities  and  finally 
the  enthalpy  calculated  from  Pauling's  model  with  Mott's  term. 

Tile  results  were  tliat  the  Mott  factor,  being 
a  large  positive  number,  gave  In  some  cases  a  positive  enthalpy  of 
formation : 

Tlie  conclusion  was  that  the  use  of  Mott's  term 
was  not  justified  in  these  estimations. 

d.  The  Goldfinger  Ratio:  a 

P:  Goldfinger  has  found  an  empirical  relationship 
which  may  be  useful  In  estimating  heats  of  formation  for  the  Pt  alloys 
of  Interest,  For  a  given  family  of  compounds,  the  ratio 
0  All®  [Ali(3)  ] /D[All(p)  ]  appears  to  be  constant.  Ail®  [All(s)]  is  the 

At  *  lit  • 
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TAULE  7 


COMPAKISON  OF  HEATS  OF  FORMATION  CALCULATED  FROM  PAULING'S 
ELECTRONEGATIVITIES  AND  MOTT'S  CORRECTION  WITH 
MEASURED  VALUES  IN  Real  PER  MOLE 


AH|  (Kcal/mole) 

Mott 

Adjusted  Value 

Correction 

Pauling  and 

Compound 

n 

Measured 

Pauling 

Term 

Mott 

Ag2Se 

2 

.  «. 

-  5,0 

-19:5 

+  9.7 

-  9.7 

Ag2Te 

2 

-  7.0 

-11.5 

+18,1 

+  6,6 

AgjSb 

3 

-  5,5 

-  1.53 

+  7.8 

+  6.5 

AuSb2 

2 

-  4.65 

-  5,6 

+16,3 

+10.7 

AuSn 

1 

-  6.4 

-  5,7 

+  8.4 

+  2.7 

Au.Sii2 

2 

-  5  =  7 

-11,5 

+  8,4 

-  3.1 

AuPb2 

2 

-  1,5 

-16,6 

+24.6 

+  8.0 

CoSe 

1 

-10,0 

-13,0 

+56.2 

+43,2 

CoTe 

1 

-  9,0 

-  8,3 

+79.6 

+71.3 

C05A32 

10 

-26,6 

-20.8 

+26,5 

+  5.7 

C02A3 

5 

-13,5 

-10.5 

+26.5 

+16.0 

Co-^Asp 

10 

-27,2 

-20.7 

+2  6 , 5 

+  5.8 

CoAs 

5 

-13,6 

-10.5 

+26 , 5 

+16.  U 

Co -As  ■) 

15 

-34:4 

-31.0 

+26,5 

-  4.5 

CoAs-' 

10 

-22:0 

-10.5 

+26,5 

+16.0 

CoSb 

5 

-10,0 

-  7,0 

+53,9 

+46,9 

CoSb2 

10 

-13.2 

-14,5 

_ 

.  _ ; 

+39.4 
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enthalpy  of  atomization  of  solid  compound  AB  corresponding  to  the 
reaction}  AB(a)  -►  A(g)  +  B(g).  DlAB(g)]  Is  the  bond  dissociation 
energy  of  gaseous  AB  corresponding  to  the  reaction:  AB(g)  -►A(g)  +  B(g). 

The  reaction  of  atomization  of  AB(s;  can 
be  expressed  In  two  sequential  reactions  as  foll<'>v's: 

AB(s)  -►  A(s)  +  B(s)  ->  A(g)  +  B(g) 

and  the  corresponding  enthalpy  of  atomization  can  be  expressed  as: 

AH"  [AB(s)]  -  -AH"[AB(8)]  +  Ail"  [ACs)  ]  +  AU"^  [B(s)] 
where  AH^  [AB(s)]  is  the  heat  of  formation  of  solid  AB,  the  desired 
parameter. 

Bond  dissociation  energies  have  been  used 
to  determine  part  of  L,  Pauling's  table  of  electronegativities  using 
the  expression: 

D(AB(g)]  -  1/2  {D[A2(g)]  +  DtB^Cg)]}  +  23n  (E^  - 
wljere  the  E^'s  are  the  electronegativities  of  the  corresponding 
elements  A  and  B, 

Using  the  two  expressions,  the  Goldflnger 
ratio  cx)}ccted  to  be  constant  witiiiii  a  family  of  compounds  becomes: 

All"[AB(s)]  +  All  [A(s)]  +  All  [13(s)] 

0  f  -  ■  -  ■  at,  at. 

1/2  {U  [A^(g)]  +  U  [B^(g)]}  -  23n  (E  -E„)^ 

Heats  of  atomization  of  the  elements  and  bond  dissociation  energies 
of  homonuclear  diatomic  gases  are  known  and  appear  in  the  literature. 
Refc  3,1.31.  provides  one  such  listing.  One  is  therefore  left  with 
AH^[AB(a)]  as  the  only  unknown  in  the  "  o"  ratio.  Unknown  values  can 
be  matched  with  known  values  if  the  two  compounds  can  be  considered 
belonging  to  the  same  family. 
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Table  8  shows  the  variance  of  o  within 


several  families  of  compounds  evaluated  by  Goldflngeti  To  datO|  tho 
relationship  has  not  been  fully  Investigated  for  Intermatalllc 
compounds,  Preliminary  evaluation  shows  that  It  may  be  quite  good* 
Although  It  contains  Pauling's  electronegativity  termi  It  Is  far  lass 
sensitive  to  discrepancies  In  values  of  electronegativities  than  the 
more  direct  Pauling  relationship: 

AH*[AB(8)1  -  -23n  (E^-Eg)^  (Kcal/mole) 

As  with  the  Pauling  calculations,  heats  such 
as  AH°[LlPt(s)]  will  probably  be  replaced  by  (In  Pt  sol'n,  11m  x^^**^)* 
This  heat  corresponds  to  the  reaction: 

Ll(pure  solid)  ■*  Ll(Pt  solid  sol'n,  11m  of  *^0)* 
can  be  approximated  from  F  : 

h“  s  -  +  RT  In  ^lI 

Pt 

Assuming  Henry's  Law  holds  to  1  atomic  %  solute:  Y]^^(at/im  x^^^  0)  ■■ 

Yj^^(at  ■  0,01)  ■  (a^J  (at  x^^  ■  0,01) J/lo”^,  The  current  estimates 
of  a^j^(x^j*’  ■  0,01)  appear  in  Table  5, 

The  accuracy  of  the  method,  as  can  be  seen 
from  Table  8,  Is  dependent  upon  which  compounds  are  considered  a  family 
and  upon  which  known  are  matched  Co  desired  estimated  values. 

The  experimental  runs  ac  Battelle  to  be  carried  out  In  the  next  half 
year  are  expected  to  furnish  H^(in  Pt) ,  H^®(ln  Pt) ,  Hj^(ln  Pt) ,  U^(ln  Pt) 
as  well  as  others.  One  would  expect  to  obtain  quite  good  agreamant  in 
assuming  LI,  Na,  and  K  to  be  in  the  same  family  of  Pt  compounds* 

Knowing  the  value  of  x^^^  and  could  then  be  calculated* 
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TABLE  8 

COMPARISON  OF  P.  OOLDFINCER'S  **  d*  PARAMETER 
FOR  SEVERAL  KNOWN  COMPOUNUS 


CoDDOund 

”  d* 

LiCl 

0.71 

NaCl 

0.78 

KCl 

0.77 

RbCl 

0.74 

CsCl 

0.75 

NaF 

0.85 

NaCl 

0.78 

NaBr 

0.79 

Nal 

0.85 

B«0 

1.32 

MgO 

1.42 

CaO 

1.36 

SrO 

1.17 

BaO 

0.95 

BeS 

• 

MgS 

>1.68 

CaS 

1.54 

SrS 

1.45 

BaS 

1.19 

GaTe 

0.75 

SnTa 

0.83 

PbTa 

1.07 

BF 

0.51 

AIF 

0.54 

28- 


J«  H.  0.  Varley  has  derived  an  expression  for 
the  heats  of  formation  of  metallic  compounds  (Ref.  3.1.24|  p.  900). 

It  takes  Into  account  atomic  sized  differences,  referred  to  as  the 
strain  energy  term,  and  electronic  Interactions,  referred  to  as  the 
electrochemical  factor •  Varley 's  effort  Is  an  attempt  to  relate 
fundamental  properties  such  as  atomic  radius,  total  number  of  electrons, 
and  ground  state  and  Ionization  energies  to  the  heats  of  formation  of 
compounds , 

Table  9  compares  values  of  heats  of  formation  cal> 
culated  from  his  model  with  those  experimentally  observed.  Considering 
that  hla  approach  Is  so  fundamental,  agreement  between  heats  from  his 
model  and  observed  heats  Is  quite  goodo  As  can  be  seen  from  the 
table  and  as  Varley  points  out  In  his  paper,  agreement  Is  within 
>  2  kcal»/g,a.  when  the  elements  making  up  the  compound  are  close  to 
one  another  In  the  Periodic  Table.  (Exceptions  are  AuZn  and  AuCd.) 

When  the  elements  are  two  or  more  Groups  apart  In  the  Periodic  Table, 
errors  of  +  S  to  13  kcal./g.atom  appear  common:  CuSn,  CuPb,  AgSn, 

AgPb,  AuSn,  ZnMg,  and  ZnAl. 

because  It  is  desired  to  estimate  heats  of  formation 
of  compounds  of  platinum  with  elements  far  removed  from  platinum  in 
the  Periodic  Table,  Varley 's  method  Is  not  accurate  enough  to  be  con> 
sidcred  In  this  appllcaclon- 

f .  AH^Versui^V 

Kubaschewaki  (Kaf.  3.1.19.)  ahowed  that  the  heat  of 
formation  (Allp  of  a  compound  can  be  estimated  from  the  change  in  volume 
(AV)  that  occurs  when  the  two  elements  react  to  form  the  compound.  His 
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plot  of  vs.  gave  a  smooth  curve  for  many  binary  compounds 

which  Included  Intermetalllc  alloys,  oxides  and  halides.  An  accuracy 
of  +  6  kcal./g.a.  Is  asslijned. 

Table  8  gives  a  summary  of  the  measured  heats  of 
formation  for  a  number  of  binary  metallic  compounds  as  reported  by 
Kubaschewskl.  These  values  are  compared  with  the  values  estimated 
from  Kubaschewskl *8  curve  of  AH°  vs.  AV.  Wlien  the  estimated  -AH^  Is 
less  than  10  kcal/goatom,  Table  8  shows  that  agreement  between 
calculated  and  observed  values  Is  good.  When  the  estimated  -AH^  Is 
greater  than  10  kcal/g.atom,  large  discrepancies  appear. 

Examining  the  empirically  derived  estimates 
presented  In  Appendix  IV,  most  of  the  platinum  conn;  .nds  of  Interest 
have  -AH^'s  greater  than  10  kcal/g.atom;  this  method  of  estimation 
does  not  appear  to  be  applicable  In  this  case. 
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TABLE  9 


ESTIMATED  AND  CALCULATED  HEATS  OF  FORMATION 
TAKEN  FROM  J.  II,  0.  VARLEY  (REF.  3.1.24.) 


System 

(kcal/g,atom) 

^0.5®0.5 

Acceptor 

Donor 

Calculated 

Observed 

Calculated 

Minus  Observed 

Cu 

Zn 

-  2A 

-  2.5 

+  0.1 

Cu 

Cd* 

+  0o06 

+  0.05 

+  0.01 

Cu 

Sn* 

4,72 

-  1.15 

+  5.8 

Cu 

Pb* 

7,2 

+  1.89 

+  5.3 

Cu* 

Ag 

1.25 

+  0,8 

+  0.4 

Ag 

Zn 

-  2,36 

-  1.7 

-  0.7 

Ag 

Cd 

-  2,02 

-  1,3 

-  0.7 

Ag* 

Sn 

+  0,69 

+  1,37 

-  0.7 

Au 

Cu 

+  1,56 

-  0,9 

+  2.5 

Au 

Ag 

-  1,70 

-  0,945 

-  0.8 

Au 

Zn 

-14,5 

-  5,5 

Au 

Cd 

-16,4 

-  3,9 

Au 

Sn 

-14,4 

-  4,0 

Zn 

Mg* 

0,865 

-  4,27 

Zn 

Al* 

+  0,050 

+  0.56 

-  0.51 

Cd 

Zn 

+  0,750 

+  0,53 

+  0.22 

Hg 

Zn* 

-  0,690 

+  0.17 

-  0.86 

Hg 

Cd 

-  1.89 

-  1.10 

-  0.79 

Pb 

Sn* 

0,115 

+  0,360 

-  0.24 

'^Denotes  liquid  alloy 
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TABLE  10 


ESTIMATED  AND 
TAKEN  FROM  0 

CALCULATED  HEATS  OF  FORMATION 
,  KUBASCHEWSKI  (REF,  3,1.19) 

Compound 

AHf 

(kcal/g,a,) 
(Ref. 3, 1,19) 

AV 

I2I- 

AH| 

(kcal/g.a,) 
(From  Graph) 

Calculated 
Minus  Observed 

Ag2Te 

-  2,3 

+  0,4 

+ 

2,3 

AuSb2 

-  1,6 

-  4,8 

-  3 

-  1,4 

AuSn 

-  3,2 

-  2.0 

-  1 

+  2.2 

AuSn2 

-  1,9 

+  0,8 

+ 

1,9 

CoSn2 

-  2,4 

-  9,5 

-  6 

-  3,6 

CoAl 

-13,2 

-14.7 

-  10 

+  3.2 

MgNl2 

-  5,7 

-12,0 

-  8 

-  2,3 

Nile 

-  4,5 

-16,9 

-  10 

-  5,5 

NiaSi 

-  8,9 

-18.2 

-  11 

+  2,1 

ReSi2 

-20,7 

-33,1 

-  30 

-  9.3 

FeSi 

-  9,6 

-40,7 

-  41 

+31.4 

FeAl 

-  6,1 

-15,1 

-  21 

+14,9 

CoAl 

-13,2 

-19,3 

-  25 

-11.8 

NI3AI 

-  9,2 

-  8.0 

-  14 

-  4.8 

Cu3Sb 

-  0,6 

-20,5 

-  26 

-25.4 

Cu3Sn 

-  1,8 

-  9.0 

-  15 

-13,2 

*For  compounda  AgaTe  through  ReSl2  the  value  for  AV  was  calculated  from 
reported  density  data,  for  compounds  FeSi  through  Cu3Sn  AV  was  calculated 
from  lattice  constants, 


IV  o  SUMMARY  AND  CONCLUSION  -  SECTION  2A 


The  thertnodynamic  activities  of  oxides  in  laser  glass  melts 
and  of  the  corresponding  metals  in  platinum  are  desired.  An 
extensive  literature  search  on  the  subject  appears  In  Appendix  I. 
Estimates  cf  activities  based  upon  these  findings  appear  in 
Tables  2  and  6 

Several  theoretical  models  correlating  the  thermodynamic 
properties  uf  chemical  compounds  have  been  reviewed,  Adoption  and 
modification  of  L.  Pauling's  electronegativity  model  and  of 
P,  Goldfinger's  model  show  the  most  promise  of  reliably  predicting 
the  thermudynaroic  properties  of  the  platinides, 

As  with  any  estimation,  comparison  to  measured  values  is  the 
most  valuable  tool  Ihe  empirical  study  to  be  carried  out  at 
Battel le  in  the  remainder  of  the  1971  fiscal  year  will  be  of  great 
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2B  Particle  Detection 


An  Integral  part  of  any  program  to  reduce  damaging  particles 
from  laser  glass  must  be  a  method  of  detection  of  such  particles. 

Several  methods  of  detection  have  been  advanced  by  workers 
In  the  field.  These  Include,  for  example,  small  angle  scattering 
and  holographic  techniques.  However,  none  of  these  approaches  has 
proven  completely  reliable.  In  the  final  analysis,  the  most  reliable 
procedure  to  date  for  detecting  damaging  particles  consists  of 
subjection  of  the  glass  to  a  high  power  laser  pulse.  Even  this 
leaves  something  to  be  daslred  because  of  the  dependence  of  the 
damaging  threshold  on  the  pulse  width  of  the  laser  emission. 

Previous  particulate  damage  work  under  this  contract  during 
fiscal  year  1969  utilised  Owens-Illinois*  high  pesk  power  laser. 
However,  this  system  Is  now  being  used  in  the  holographic  study  of 
surface  damage  currently  being  pursued  under  this  contract.  For 
this  reason,  another  high  power  laser  is  being  adapted  as  a  tool 
for  the  final  evaluation  of  melting  procedures  resulting  from  the 
thermodynamics  study  being  made  under  this  contract,  This  laser 
utilizes  government  equipment  from  Redstone  Arsenal  and  is  in  the 
final  stages  of  modification  It  will  emit  energy  in  a  Q-switched 
pulse  sufficient  for  detecting  damaging  particles. 
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3.  SURFACE  DAMAGE 


3A.  Introduction 

Damage  to  the  surfaces  of  elements  of  glass  and  ruby  laser 
systems  has  been  a  problem  since  the  genesis  of  the  Q  switched  laser. 
Although  most  studies  of  this  damage  have  been  limited  to  the  lasing 
material,  the  problem  also  includes  beamsplitters,  lenses,  prisms, 
etc.  The  solution  to  the  problem  for  the  lasing  elements  will 
probably  extend  itself  to  theaa  other  elements. 

The  damage  usually  takes  two  distinctive  forms  depending  on 
whether  it  occurs  in  the  entrance  region  of  the  laser  pulse  into  the 
sample  or  in  the  exit  region.  Generally,  the  first  phenomenon  to  be 
noticed  as  the  energy  density  of  the  laser  pulse  is  increased  is  a 
small,  rounded  plasma  at  the  entrance  point.  An  even  smaller  plasma 
of  different  shape  is  noted  at  the  exit  at  the  same  or  slightly  higher 
energies.  As  the  energy  density  is  increased  these  plasmas  grow  in 
sise  until  slight  excoriation  and/or  pitting  is  seen  at  the  exit.  At 
still  higher  densities  this  exit  pitting  becomes  greater  and  excoriation 
is  also  noticed  in  the  entrance  face.  When  the  laser  pulse  becomes 
energetic  enough  to  self  focus  inside  the  sample,  a  relatively  severe 
increase  in  the  size  of  the  surface  pit  is  sometimes  observed. 

It  should  also  be  noted  that  exit  surface  pitting  sometimes  seems 
to  occur  in  conjunction  with  self  focusing.  An  exit  pit  is  often  seen 
to  lie  on  a  line  with  self  focusing  tracks  inside  the  material. 

Several  theories  have  been  put  forth  in  an  attempt  to  explain  the 
mechanism  through  which  surface  damage  is  brought  about..  At  least  two 
of  these  theories  involve  the  plasmas  which  accompany  the  deterioration 
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of  Che  surfaces.  There  is  evidence  which  suggests  Chat  these  plasmas 
initially  arise  from  desorption  by  Che  laser  pulse  of  impurities  which 
have  been  absorbed  by  the  glass  surface.  That  this  is  the  case,  and 
chat  surface  damage  is  related  to  these  plasmas,  is  evidenced  by 
experiments  which  show  that  the  damage  threshold  increases  signifi¬ 
cantly  when  the  surfaces  are  chemically  treated  in  such  a  way  as  to 
remove  any  impurities. 

The  two  theories  alluded  to  above  postulate  the  damage  to  come 
about  as  follows: 

1. )  A  plasma  is  initiated  by  desorption  of  surface  impurities 
and  grows  as  the  laser  pulse  proceeds  through  it.  Thermally  energetic 
ionri  bombard  the  surface,  leading  to  thermal  erosion,  crazing,  and 
eventually  pitting, 

2. )  The  plasma  is  again  initiated  by  thermal  desorption,  but  in 
this  theory  the  damage  is  caused  by  a  shock  wave  born  of  the  rapid 
expansion  of  the  plasma  as  the  laser  pulse  expands  it  by  further 
desorption  of  impurities,  This  shock  wave  is  strong  enough  to  cause 
fracturing  of  the  material, 

ocher  theories  unrelated  to  the  formation  of  a  plasma  contiguous 
Co  the  damage  area  have  been  proposed.  Several  of  these  are  based 
upon  the  conception  of  shock  waves  generated  interior  to  the  material 
and  propagating  to  Che  surface  where  they  cause  fracturing.  The  dif¬ 
ferences  among  these  theories  lie  in  the  several  mechanisms  they 
postulate  to  cause  the  shock  wave.  Two  of  these  are  as  follows: 

1.)  Electrostrictive  forces  "squeeze"  the  material,  sending  a 
shock  wave  both  backward  and  forward  along  the  beam. 
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2.)  The  shock  wave  Is  created  in  conjunction  with  self  focusing 
Inside  the  sample.  It  Is  postulated  that  this  self  focusing  Is  often 
present  even  though  no  damage  track  Is  observed,  either  because  the 
track  Is  too  small  to  "see"  or  because  no  damage  actually  occurs. 

One  of  the  two  phases  of  the  surface  damage  program  now  being 
carried  out  under  this  contract  deals  with  deteimlnlng  the  causes  of 
damage.  All  except  one  of  the  theories  discussed  above  postulate  the 
existence  of  high  Intensity  shock  waves  in  the  glass.  In  one  of  these 
theories  the  shock  Is  assumed  to  orlglniate  at  the  surface  from  where 
It  propagates  Into  the  material,  while  In  the  other  shock  theories  the 
wave  Is  postulated  to  originate  within  the  sample  from  whence  It  moves 
to  the  surface.  Hence,  If  it  can  be  ascertained  first  whether  a  shock 
wave  of  sufficient  magnitude  to  cause  fracture  exists  In  the  material, 
and  second,  from  whence  this  wave  originates,  then  a  large  step  will 
have  been  taken  toward  validating  or  invalidating  some  of  the  damage 
theories  presented.  Owens •Illinois  is  presently  attempting  to  make 
this  ascertainment  In  a  most  direct  manner.  The  technique  of  double 
exposure,  stop  action  holography  is  being  used  to  detect  shock  waves 
In  a  glass  sample  through  which  a  high  power  laser  pulse  has  been 
passed.  By  taking  several  holographs  at  various  times  relative  to, 
say,  the  leading  edge  of  the  damaging  pulse  from  the  high  power  laser, 
the  region  of  origin  of  any  shock  wave  present  will  be  determined. 

The  other  phase  of  the  program  is  predicated  on  the  assumption 
that  the  plasma  accompanying  surface  damage  Is  In  part  or  in  whole 
responsible  for  the  damage.  Hence,  If  by  treatment  of  the  surfaces 
we  can  either  strengthen  the  surface  or  prevent  the  formation  of  a 
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plasma,  then  we  can  eliminate,  or  at  least  decrease,  surface  damage. 
In  this  phase  chemical  etching  procedures  are  being  explored  which 
will  remove  impurities  and  retain  the  polished  surface.  Also,  Ion 
exchange  techniques  are  being  used  in  attempts  to  mechanically 
strengthen  the  surfaces. 

These  two  methods  of  attack  are  complmentary.  The  one  Is  an 
attempt  to  clarify  the  causes  of  damage,  the  Implication  being  that 
once  these  causes  are  understood,  the  situation  will  be  amenable  to 
corrective  measures.  The  other  assumes  what  at  the  present  state  of 
the  art  seems  to  be  a  reasonable  cause  for  damage  and  proceeds  to  try 
to  eliminate  this  cause.  As  the  study  proceeds  the  two  efforts  will 
be  closely  coordinated.  For  example,  if  In  the  holographic  portion 
of  Che  study,  a  shock  wave  from  the  plasma  is  found  to  fracture  the 
surface,  then  a  mechanical  strengthening  of  the  surface  Is  Indicated. 
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3B.  Hologrtphic  Study 


The  exparlMntal  apparatus  for  tha  holographic  dataction  of 
shock  Inducad  atraas  pattarna  in  a  gloss  sompla  consists  ossantially 
of  two  losars,  a  high  powar  glass  lasar  for  dasuiging  tha  sanplo 
and  a  ruby  lasar  for  making  tha  hologram.  Tha  gloss  lasar  is 
copoblo  of  dalivsring  moro  than  60  Joulos  in  a  30  ns  pulso,  this 
in  a  2  cm2  miltimodol  boam.  Tha  ruby  lasar  con  omit  moro  than 
2  Joulos  in  20  ns  whan  oparatod  multimoda;  ho%ravcrt  as  it  is  now 
balng  used  it  daliViirs  about  10  mlllijoulas  in  20  ns.  This  output 
is  in  ths  TEHqo  Mda  and  is  accomplishad  by  insarting  a  1  mm  diamator 
apartura  into  the  oscillator  cavity. 

The  two  lasers  are  fired  in  a  coordinated  aunnar.  Tha  pulse 
of  tha  ruby  laser  can  be  Inserted  into  the  sampls  to  within  ±  3  ns 
relative  to  the  insertion  of  the  damaging  pulse  from  the  glass  laser. 

Ths  10  mj  output  of  the  ruby  lasar  is  too  high  for  tha  holographic 
fii.i  balng  used  (AGFA  10  E75) .  For  this  reason,  a  neutral  density 
filter  with  a  transmission  of  lass  than  1%  is  used  In  tha  rafaranca 
section  of  the  holograph  producing  beam.  A  diffuser  serves  this 
purpose  in  the  object  beam. 

In  order  to  expand  the  L  mm  diameter  beam  emitted  by  the  ruby 
laser,  a  short  focal  Isngth  diverging  lanss  is  used.  Because  of 
this,  both  tha  reference  and  tha  object  beams  are  spherical,  and 
Intensities  of  the  two  at  the  position  of  the  film  are  strongly 
dependant  upon  their  rsspective  path  lengths.  This  leads  to  diffi¬ 
culties  in  obtaining  correct  axposuraa.  A  beam  expander,  which  will 
yiald  a  collimatsd  beam,  has  bean  ordered  to  remedy  this  problem. 
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Th«  c«chn<qiM  for  asking  a  doubla  axpoturo  holograa  la  wall 
known.  First,  a  holograa  of  tha  saaple,  In  this  caaa  a  glass 
Cuba,  is  aade.  Naxc,  tha  saapla  la  aubjactad  to  tha  conditions  of 
intaraat,  In  thl«  caaa  a  high  powar  laaar  pulaa,  and  another  ax- 
poaura  la  aada.  Tha  raaulclng  holograa  shows  tha  saapla  with 
intarfaranca  frlngas  dua  to  changas  In  tha  aaapla  batwaan  tha  two 
axpoauras  "frotan"  into  It. 

Tha  dlffutar  In  tha  objact  baaa  of  our  aatup  aarvaa  a  purpose 
additional  to  that  of  affactivaly  attenuating  tha  baaa  as  aantlonad 
above.  Whan  a  doubla  axposura  holograa  la  aada  without  a  diffuser 
In  tha  object  baaa,  there  appears  on  tha  flla  an  Intarferograa  such 
as  would  ba  obaanrad  If  tha  aaapla  wars  placed  In  an  Intarfaroaatar 
and  aubjactad  to  stress.  Each  fringe  is  a  separata  holograa.  This 
pattern  aakas  axaalnation  of  tha  holograa  difficult.  However,  when 
a  diffuser  Is  used  In  tha  saapla  baaa,  this  trouble  Is  no  longer 
encountered :  the  gross  Intarferograa  no  longer  appears.  Thera  la, 
however,  a  tradeoff.  The  diffuser  leads  to  speckle  In  the  finished 
holograa,  but  this  does  not  seea  to  be  as  serious  as  tha  Intarferograa 
obtained  in  the  absanca  of  the  diffuser. 

Work  accoapllshad  to  data  Is  as  follows: 

1.  Tha  ruby  holographic  laser  has  been  received,  assaablad 
and  characterised. 

2  Tha  glaas  lasar  has  bean  aodlfled  to  allow  teaporel 
coordination  of  tha  firing  of  tha  two  lasers.  This  Involved  re¬ 
placing  by  a  Kerr  call  tha  rotating  Mirror  pravlously  used  to  Q 
switch  tha  laser  A  considerable  asxNint  of  effort  was  expended 
randarlng  tha  systesi  oparable  with  ths  Karr  Cell  Installed. 
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3.  Th«  desired  relative  timing  of  the  firing  of  the  two  lasers 
has  been  achieved^  This  Involved  the  design  and  installation  of 
the  electronics  required  to  interconnect  the  lasers. 

4.  Exposure  problems  related  to  the  geometry  of  the 
holographic  setup  and  the  energy  output  of  the  ruby  laser  have 
been  characterized 

5.  Double  exposure  holograms  of  stress  induced  fringe 
patterns  in  a  transparent  plastic  block  have  been  made  using  the 
Q  switched  ruby  laser 

6 .  An  attempt  has  been  made  to  make  double  exposure  holograms 
of  a  glass  sample  subjected  to  a  pulse  from  the  glass  laser. 

During  the  work  of  (6)  the  Kerr  cell  used  In  the  glass  laser 
was  damaged  on  its  output  face  This  damage  was  probably  due  to 
self  focusing  of  the  laser  beam  by  the  nitrobenzene  used  in  the  Kerr 
cell  This  trouble  has  been  encountered  with  two  different  cells  now. 
The  first  cell  was  replaced,  but  it  now  appears  that  a  Korr  cell 
will  not  be  an  effective  method  for  Q  switching  the  laser  used  in 
this  experiment.  The  tendency  of  the  cell  to  damage  is  not  its 
only  dr<iwback:  the  laser  pulse  obtained  using  the  Kerr  cell  is 
spatially  very  messy  because  of  the  characteristics  of  the  nitro* 
benzene  For  these  reasons,  ve  Intend  to  replace  the  Korr  cell  with 
a  Pockels  cell 

The  following  work  is  planned  for  the  remainder  of  fiscal 
year  1971. 

1  Instaiiariun  of  the  Pockels  cell  will  be  accomplished 

2  In  order  to  render  data  obtained  swre  meaningful,  the 
glass  laser  will  be  modified  to  emit  a  diffraction  limited  beam 


4.  The  final  goal  of  detecting  shock  waves  in  a  glass 
sample  subjected  to  a  high  power  pulse  from  the  glass  laser 
will  be  pursued. 
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3C.  Chemical  Trtetment  of  Surfaoa 


The  test  equipment  which  will  be  used  for  this  study  consists 
chiefly  of  a  glass  laser  This  laser  is  one  of  four  being  used  in 
work  under  the  contract,  the  other  three  having  been  described 
in  previous  sections  of  th.s  report.  It  is  capable  of  emlCClng 
more  than  five  Joules  in  a  thirty  nanosecond  pulse  The  spatial 
and  temporal  aspects  of  this  pulse  are  currently  being  characterized 
The  study  to  be  conducted  will  utilize  the  focused  output  of 
this  laser.  The  beam  will  be  focused  on  the  surface  to  be  studied. 
The  damage  threshold  and  integrated  plasma  characteristics  will  be 
noted  for  each  method  of  surface  treatment  tried, 

Work  during  the  period  July  1,  1970  to  December  31,  1970,  has 
included,  besides  the  modification  of  the  laser  described  above,  a 
study  of  various  surface  treatments  which  might  be  effective  In 
increasing  the  surface  damage  threshold.  These  are  as  follows; 

I  Surface  Cleaning 

This  treatment  removes  soils  on  the  glass  that  could  act  as 
energy  absorbers  Cleaning  techniques  well  known  In  the  art  of  glass 
cleaning  will  be  employed  They  include; 

sulfuric  acid  •  chromic  acid 
hydrogen  perioxide 
detergents  and  surfactants 
va|>or  degreasing 
uUrasoiiics,  etc 
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2.  Surface  Etch 


This  treatment  removes  a  layer  of  glass  in  addition  to 
surface  soils.  The  object  here  is  to  remove  any  grinding  and 
polishing  materials  that  have  become  imbedded  in  the  glass  during 
surface  finishing  The  treatment  involves  the  use  of  hydrofluoric 
acid,  probably  mixed  with  other  acids  or  modifiers.  This  treatment 
may  disturb  the  surface  finish. 

3  Monolayer  Coatings 

These  coatings  displace  surface  water  and  render  the  surface 
hydrophobic.  The  coatings  incluae  silicones,  fluorides,  and 
£ luorocarbons 

k .  U<  hydration 

This  is  a  simple  heat  treatment,  perhaps  under  vacuum,  to 
remove  surface  water. 

5  Therwiochemical  Sur face  Modification 

This  treatment  will  prestress  the  glass  surface  through  ion 

>ip,o  techniques 

The  laser  described  in  the  opening  paragraph  of  this  section 
will  be  iitiiircd  in  tiic  Initial  stages  of  this  work  However,  later 
stages  will  be  conducted  with  a  diffraction  limited  beam  in  order  to 
inoic  .ici  III  .110 1  y  measuif  the  effectiveness  of  the  various  chemical 

l  I  C  .It  I  Ill  'll  1 1  .• 


■hb 


APPENDIX  1 


BIBLIOGRAPHY 


The  bibliography  attached  covers  pertinent  information  obtained 
to  this  date.  Those  marked  with  an  asterisk  (*)  have  not  yet  been 
studied  thoroughly. 


-46* 


BIBLIOGRAPHY 


le  Activities  in  oxide  systems 

Tl^e  systems  are  divided  into  groups  depending  upon  the  number 
of  components  contained,  however,  some  papers  discuss  several 
systems  and  may  contain  information,  for  example,  on  binary  and 
ternary  systems. 


1.1. 

Binary  Systems 

1.2. 

Ternary  Systems 

1.3. 

Quarternary  Systems 

1.4. 

Vapor  Pressure 

-47* 


’^'Bodsworth ,  C,  (Unlv.  Liverpool,  Lng.),  "The  Activity  of 
Ferrous  Oxide  in  Silicate  Melts,"  J.  Iron  Steel  Inst. 

(London)  193,  13-24  (1959), 

1.1.2.  Collow,  R,  J.,  "Activities  in  AlUali  Oxide-Silica  Melts," 
Transactions  of  the  Faraday  Society,  (1930),  pp,  663-673. 

1.1.3.  Charles,  R.  J, ,  "Activities  in  Li20-,  Ma20-,  and 
Solutions,"  J,  of  the  American  Ceramic  Society,  Vol,  30, 

No,  12,  Dec.  21,  1967,  pp.  631-641, 

1.1.4.  Charles,  R.J.,  "The  Origin  of  Iinmlscibility  in  Silicate 
Solutions,"  Physics  and  Chemistry  of  Glasses,  Vol,  10, 

No,  3,  Octe,  1969,  pp.  169-178. 

1,1.3.  ^Charles,  R.J,,  "Metastable  Immiscibility  in  the  Barium 
Oxide-Lithium  Oxide-Silica  System,"  Phys,  Chem.  Glasses 
8(3),  183-9  (1967)  (Lng,), 

1.1.6.  Charles  K,  J.,  and  Wagstaff,  F.L.,  "Metastable  Immiscibility 
in  the  B202-Si02  System,"  Jnl.  of  the  American  Ceramic 
Society,  Vol.  31,  No.  1,  Jan,,  1968,  pp,  16-20, 

1.1.7.  ’^Lsin,  O.A. ,  and  Lepinskikh,  U.M.,  "Study  of  the  Properties 
of  Liquid  Slag  by  the  Electromotive  Method,"  Inst.  Met. 

im  A. A,  Baikova,  Trude  3-el  Konf.  1933,  438-43  (Pub.  1937). 

1.1.8.  *Goto,  Kazuliiro  and  Matsushita  Yukio,  "Oxygen  Concentration 
Cells  at  High  Temperature,  IV.  Measurements  of  the  Rate 
Oxidation-Reduction  of  Iron  and  of  Oxygen  Pressure  in 
Oxide  Melts,"  Tetsu  To  Iloganc  31(7),  1240-5''. (1963)  (Japan) . 

1.1.9.  llolmquist,  S,,  "Sodium  Oxide  Activities  in  Molten  Sodium 
Sulphate  and  Sodium  Slllcats,"  Physics  and  Chemistry 

of  Classes,  Vol.  9,  No  1,  Feb.  1968,  pp,  32-34, 

1.1.10.  *Yuan-Usi  Chou,  Chi-cheng  Chou,  and  Peng-Nien  Chao,  "Activities 
in  Liquid  CaO-SiO-)  and  CaO-Al202  Slags,"  Sci.  Sinica  (Peking) 
12(87,  1249-50  (1963) (Eng. ) . 

1.1.11.  Jeffs,  J.U.E.  and  Sridhar,  K. ,  "Activities  in  PbO-Contalnlng 
Melts,"  Alcock-Klectromotive  Force  Measurements  in  Ulgli- 
Temperacure  Systems,  Proceedings  of  a  Symposium,  Nuffield 
Research  Group,  Imperial  College,  London  (Apr.  1967). 

1.1.12.  *Knapp,  U.J.,  and  VanVorst,  W.U,,  "Activities  and  Structure 
of  Some  Melts  in  the  System  NB2Si02-Na2Si,,0c,"  J.  Am.  Cerem. 
Soc,  42,  539-62  (1959). 


-48- 


1a 1 0 13  0 

1.1.14, 

1.1.15, 

1.1.16, 

1: 1, 17, 

1,1,18, 

1.1.19, 

1. 1.20, 

1.1,21 

1-1-22 

1-1  :’3 

:  1-2^ 


*Kozheurov,  V.A,,  "Activity  of  Silica  in  Melts  of  the  Calcium 
Oxide-Silicon  Dioxide  System,"  Izvest,  Vysshikh  Ucheb, 
Zavedenin,  Chernaya  Met,  2,  No,  3,  9-12  (1959), 

Kroger  Von  Carl,  and  Shorstrom,  Leif,  "Dampfdruck  von 
Silicatglasern  uitd  Deren  iJestandteilen ,"  Glastechnische 
BerichCe,  38,  Jahrgang,  August  i9o;),  iiurt  8,  pp,  313-322, 

^Kulikov,  I,S,,  "The  Thermodynamics  of  the  Oxides  in  the 
Systems  Fe0“Si02  and  Fe-Ti02,"  Fix-Kirn,  Osnovy  Proisvodatva 
Stall,  Akad,  Nauk  S,S,S,R, ,  Inst,  Met,  im,  A, A,  Baikova, 

Trudy  3-ei  Konf ,  1955,  479-87  (Pub,  1957), 

Okunev,  A.-I,,  "Theory  of  Zinciferous  Slag  Fuming," 

Tsvetnye  Mecally,  (7)  1956 

Rey,  M, ,  "The  Thermodynamic  Activity  of  Silica  and  of 
Oxides  in  Silicate  Holts,"  Discussions  of  the  Faraday 
Society,  (1948)- 

Richardson,  F;U,,  and  Webb,  L,E  ,  "Oxygen  in  Molten  Lead 
and  the  I'liermodynamics  of  Lead  Oxide-Silica  Melts," 

Institution  of  Mining  and  Metai-  bull.  584  (1955), 
pp.  529-565, 

*Rokuro,  I,  Sakagami,  "Ciectrochemicai  Study  on  Molten 
Slags,"  Tetsu-to-llagaue  39  ,  587-95  (1953), 

*Saubongi,  Koji,  "Equilibrium  Among  Silicon  in  Molten  Iron, 
Ulast-futnace  Slag,  and  Hydrogen-Water  Mixed  Gas,  1, 

Measurement  of  the  Equilibrium  among  Silicon  in  Molten 
Iron,  Silicon-Calcium  Oxide  Binary  Slag  and  Hydrogen-Water 
Mixed  Gas,"  Science  Reports  Research  Inst,  Tolioku  Univ, 

Ser<  A,  4,  59-71  (1952);  c£  C.A  47,  6839a, 

'Wanyukov,  A,V,,  and  Utkin,  H-I,,  "i'he  Effect  of  Chrome  on 
ttie  Surface  Tension  o_  Slags  of  Nickel  Smelting,"  Naudt. 

Dokiady  Vysshei  Slikoly,  Met  1959,  no,  1,  11-13, 

Vanl.,  1  ,  McCabe,  E  L-  ,  and  Miller,  K-  ,  "The  Activity  of 
Siiica  in  LAqui.i  Silicate  Systems,"  Fhy,.  Chem-  Stcolmaking, 
Proc  ,  Dedham,  Mass-  1956,  63-4  (Puh  1958^- 

.'lou  Vuan-hsi  and  Cliao  Peng-.Nian,  "Activity  of  CaO  in  Liquid 
caO-SiO.;  and  CaO-Al  0,-SiD2  ^legs,"  Scientia  Sinice,  Vol, 

;<i ,  No  r>(.2 

Von  Chou  Yuan-lh:!,  "  i hcnnodynamll;  ilussigcr  liochofcnechiecken," 
(Thermodynamics  of  Liquid  Blast- Furnace  Slags),  Freiberger 
Forachung-'^heftc  Rclhe  H  15  (1957) 


49- 


1.2.  TERNARY  SYSTEMS 


1.2.1.  Yokokawa.  Toshio  and  Nlwa,  Kickizo,  "Free  Energy  and 
Basicity  of  Molten  Silicate  Solution."  Japan.  Inst.  Metals 
Trans,  (2),  1969. 

1.2.2.  Khlynov,  V.V. ,  and  Esin.  O.A, ,  "Determination  of  Activities 
of  Lead  Oxide  in  Pb0-Na20>Si02  Melts  by  Electromotive 
Force  Measurements."  Trudy  Ural  Politekh.  Inst.  im.  S.M. 

Kirova  (91)  114-27  (1960). 

1.2.3.  Richardson.  F.D..  and  Pillay.  T.C.M.,  "Lead  Oxide  in 

Molten  Slags."  Inst,  Mining  Met.  Trans.  ^  (1957).  pp. 309-330. 

1.2.4.  Okunev,  A.l.  and  Chumarev.  V.H. .  "Activity  of  Zinc  Oxide 
in  Silicate  Melts."  Izv.  Akad.  Nauk  SoS.S.R, .  Metal.  1967 
(4).  57-63  (Riiss,), 

1,2,3.  Sanbongi.  K,  and  Omari.  Y, .  "Activities  of  Silica  and  Alumina 
in  Molten  CaO-SiU2-Al203  Slags."  The  Research  Institute 
of  Mineral  and  Metallurgy  Tohoku  Univ-,  Sendai.  Japan.  Mat. 
Phys,  Lab,  Symp,  ^  (1959), 

1.2.6.  *Turkdogan.  Ethem  T,.  "Activities  of  Oxides  in  CaO-FeO-Fe203 
Melts."  Trans,  AIME.  221,  1090-5  (1961), 

1.2.7.  *Cliumarev,  V.M.  and  Okunev.  A.l,.  "The  Activity  of  Zinc 
Oxide  in  Silicate  Melts."  Dokl,  Akad-  .Mauk  S.S.S.R, 

172  (2).  409-11  (1967) (Russ,), 

1.2.8.  *Azuma,  Klyoshl;  Goto.  Sakichi;  Ogawa.  Osamu.  "Thermodynamic 
Studies  of  Zinc  Oxide  in  Slags."  Nippon  Kogyo  Kaishl. 

1969.  85  (978)  875-80  (Japan). 

1.2.9.  ^Richardson.  "Oxide  Slags-A  Survey  of  our  Present  Knowledge." 
Phys.  Chcm,  Steclmaklng-  Proc, .  Dedham.  Mass.  1956. 

55-62  (Pub.  1958), 

Langenberg.  F:C,.  Kaplan.  U,.  Cliipman.  J,.  "The  Activity 
of  Silica  in  Litrc-Alumlna-Silica  Slags  at  1600*."  Phys,  Chem. 
Steclmaklng,  Proc.,  Dedham,  Mass,  195u,  65-  7  (9»ub.l958). 

1.2.10.  *Kay.  D.A.R,,  Taylor.  J..  "Activities  of  blLlca  In  the  Lina 

Alumina  >  Silica  System."  Trans,  Faraday  Soc.  56. 

1372-86.  (1960) 

1.2.11.  *Langcnberg.  I',C.  and  Chipman.  John.  "Activity  of  Silica  in 
Ca0-Al->03-Si02  Slags  at  1600"  and  1700","  Trane.  AIME 

215,  958-62  (1958). 

1.2.12.  *Matoba,  Suchlo.  Sanbongi.  Koji  and  Nakamura,  llajimc,  "The 
Equilibrium  Among  Silicon  in  Molten  iron,  Blast-Furnace  Slag, 
and  Hydrogen-Water  Mixed  Caa,  IV,  Investigation  of  the  Equil¬ 
ibrium  of  the  Reaction  (Si02)Ca0-Al203  (satd)  ■¥  Zih  ■  ^ 

+  2lioO,"  Tctsu-to-riag.inc  39.  1233-9  (1953). 


•50 


! 

1.2,13o  ^Sanbongi,  Koji  and  Omorl,  Yasuo,  "Activity  of  Components  in 
r  Fundamental  System  of  Iron  Blast  Furnace  Slag.  II.  Measurement 

I  of  the  activity  of  Alumina  in  the  System  Ca0-Si02*’Al203i" 

Sci.  Repts.  Research  Insta,,  Tohoku  Unlv,  Ser,  A  11  339-51 
(1959). 

^  1.2.14.  ■''Sryvalin,  I.T.,  Esin,  O.A. ,  "Activity  of  Components  of 

Melts  of  the  System  Ca0-Al203-Si02 Izvcst.  Vysshikh 
I  Ucheb.  Zavedenil,  Chamaya  Met.  2,  No.  8,  9-16  (1959). 

1.2.15.  *Esin,  O.A.  ,  Sryvalin,  I.T,,  and  Klilynov,  V.V.,  "Study  of 
Properties  of  Pb0-Ua20-Si0,  Fushions  by  the  Method  of 

I  Electro-motive  Force,"  Zhur.  Neorg.  Kliira.  2,  2429-35 

(1957). 

1.2.16.  ^Sryvalin,  I.T.  and  Esin,  O.A.,  "The  Application  of  a 
Quasichemical  Theory  for  the  Calculation  of  Activities 
of  Components  in  Silicate  Melts,"  Izv.  Vysshlkli  Uchebn. 
Zavedenil,  Chern.  Met.  8(10),  14-21(1963) (Russ. ) « 

1.2.17.  ’^Sryvalin,  I.T.,  "Thermodynamic  Properties  of  Molten 
Ca0-Al203-Si02  Systems,"  Forslrovanle  Domennol  Plavki, 

Tr.  Nauchn.  Konf.  po  Tcor,  Vopr.  Met.  Chuguna, 

Dnepropetrovsk  1961,  107-11  (Pub.  1963). 

1.2.18.  *Htinderaon,  D.  and  Taylor,  J.,  "Thermodynamic  Properties 
in  the  Ca0-Mg0-Si02  and  Mg0-Al203-Si02  Systems,"  J.  Iron 
Steel  Inst.  (London)  204(1)  41-5(1966)  (Eng.). 

1.2.19.  *0mori,  Yasuo  and  Sanbongi,  Koji,  "Activity  of  CaO  in  the 
Slag  of  Ca0-S102-Al'i03  Svstem,"  Nippon  IClnzoku  Gakkelshl 
25,  d  139-43  (1961)" 


•51 


Cliiptnan,  J.  and  Kcin,  Koii.. ,  'Aciivicics  in  the  Liquid 
Solution  Si0.,-Cau-K^U*Al20o  at  iuUO'L,"  it  aim,  of  the  liec> 
Soc.  of  AIMii:^  Vol.  233 »  Fob,  1965,  pp,  415-42A. 

I,3t2.  *Ealn,  0,A,  and  Lepinskikli,  U.M, ,  "Study  of  tlie  Properties 
of  the  Components  of  Fused  Slags  by  die  Electromotive- 
Force  Method,"  Izvcst,  Akad,  Nauk,  S^ScS  K-,  Otdel.  Tekli 
Nauk  195^,  No,  2,  60-6, 

1.3. 3.  *Levln,  l>Kh,  and  Lakurnik,  "dependence  of  che  Activity 
Coefficient  of  Zinc  Oxide  on  Slag  Composition ,"T8vet. 

Metal.  39(12),  30-5,  (1966) (Huss , ) , 

1.3.  A,  *Meyer,  H.U,,  Nolan,  J^U,,  and  Richardson,  F.U,,  "The 

Activity  of  Lead  Oxide  in  Ulast-Furnace  Slags,"  Inst. 

Mining  Met.,  Trans,  Sect,  C73C712),  C121-C122 (1966) (Eng. ) . 

1.3. 3.  Oprea,  FI,,  "Thermodynamic  Activity  of  Oxides  In  Slags," 
Metalurgia  (Bucitarest)  19(1),  ?.A-7  (1967)  (Rom. ) , 

1.3.6.  *Sanbongl,  Koji  and  Omori,  Vasuo,  "Tiie  Activity  of  Components 
in  Fundamental  System  la  Iron  Ulast-l-'uraace  Slag.  III. 
Measurement  of  the  Activity  of  Silica  and  Alumina  In  Ca(^ 
Hg0-S102-Al202  System,"  Scl.  Repts.  Rescarcli  Inst., 

Tohoku  Unlv.  Sor.  A  13,  175-82  (1961), 

1.3.7.  *0morl,  Yasuo  and  Sanbongl,  KoJi,  "Activity  of  SIO2  and 
AI2O3  in  the  Slag  of  CaU-Mg0*SiO2-Al203  System,"  Nippon 
Klnsoku  Cakkaishi  25,  136-9  (1961)- 


-52 


1.4.  VAi*uK  i>iu:yHuiu: 


1.4.1.  KroRAfi  (.Arl  (Mtd  Sii^r^tro^a,  **\wov  t*i'(gesufe  oC 

SiUeiC«t  61ad;i@8  (ind  Hieir  <  (ibrn, 

i8  (3)  mm, 

l«4,2*  ttrogeff  C^rl  and  Htratnannt  Jura@n,  "Va|tor  and  Oaeoapo- 
iicteii  i'refisurea  of  3evoral  of  tlio  Alkali  Cospounda  Uaail 
in  eia^aosi"  Ola^toeit  3er>*  JA  (f;)  311-20  (iOOi). 


-53- 


I»UTI!1UM  SVSTHttti 


2a, 

Ll-Pt,  JJa-Pt,  li^-Pt 

2.2, 

Nt*PC|  Ca-PC|  Sr-Pc, 

ISa-Pl 

2.3, 

CfPK,  Hil*Pc 
ilo  Rafcnncda 

2,4, 

l-Pc,  Al-Pt,  SI-PI 

2.S, 

r«-Pt 

2.6, 

Sa-PI,  Pb-Pl,  Ai-Pl| 

S6-Pt 

54- 


2.1.  Ll-PK,  N«-PC,  Kq-PC 


2,1.1.  !lash,  C.P.i  at  al,  "IncavMtalUe  Coapoundii  of  Alkali 

Macala  with  Platlnua.  A  l^ovol  ProoaraKloa  of  a  Colloidal 
Placlnua  IlydroftOMratlon  CatalyoCi '  J.  of  Aaor*  Ckoa* 

Soe.  1960. 


-55- 


2.2.  MM-Pt.  8r-Pt. 


2*2. It  ScIiMlderi  S.J.*  HwUsnieli  C.L  ,  tiu^  UitO~i‘e  ^,v»tun 
In  Air«"  Ji  of  the  Aner.  Cer.  ^oc. »  Vol.  ^2*  Uo* 
Sopt.  21,  1%9. 


56 


2,3.  C-Pt.  Na-I*t 


No  reCarancea 


57 


2. A.  U-l't.  Al-I*t.  Sl-Pt 


2t4tli  Ittreiiuioii  AiS.i  "Silicon  ond  iu  Uinacy  Syocuiaiii" 
Contiulcante  Sow  York| 

2*4. 2e  iiovlaa»  P«J«i  KaMtadi  lt.F*»  and  iUeliardaodi  P.U*, 

"AeClvltiaa  of  Silicon  in  Haiala  and  Alloyot"  J,  of  ilia 
iron  and  Stati  Inaticuca,  Fab*  1964 > 

2*4*3*  "Fiacinua  and  Silicon/*  6oaiin'a  llandbueli  dor  Anorganiacliian 
diOMiat  Flaciu,  Fare  C,  Sell  kdicioit  68t  128-32,  1940* 

2*4*4.  Searcy,  Alan  U. ,  and  Finnio,  Lies  i*.,  "Stability  of  Solid 
Pltasoa  in  the  Ternary  Sysco«@  of  Silicon  and  Carbon  with 
llieniun  and  the  Six  Flaiinns  J<  of  the  Miericm 

Ceramic  Society,  Vol*  46,  ho.  6,  Jutta,  1962. 


-58- 


2.5. 


£S£ll& 


2.5.1.  Alcncki  C.ll.,  AitU  KuUlk,  A.  |  "Tliormotlynamlc  Uoliaviour  of 
kiquii!  Iron-CobtiU  dnd  .*lickel>l*l«tluu»  Alloy's  i"  Trane. /Saoi 

C  of  tiia  Inecicuilcu  of  Mining  and  Mncallur^yi  Vol*  77|  1968. 

2. 5.2.  Alcocki  CiU.  and  Kubik,  A.,  "A  Tiiamodynaeic  Study  of  tilt 
Y  IMiaee  Solid  Soliuiont  Kornod  botwttn  ralladlu«| 

PUtinun  and  lron«**  Acta  Metallurgicat  Vol.  17,  Aprlf  1969. 

2.5.3.  iloald,  U«P. ,  "Ttiornddynanica  of  Ircn-Platinua  Alloys i" 

Trans,  of  tint  Mttallurgleal  Soei.jcy  of  AliOlf  Vol*  239* 

Stpt.  1967. 

2.5.6.  karsooi  il.K.  and  Qiipriaii,  J.,  ''Activity  of  Iron  in  Iron- 
Platinun  Solid  Solutions,"  Acta  Matnllurgiea,  Vol=  2, 

Jan.  l'J56. 

2^5.5.  *Kubik*  A**  Alcock,  C.U.,  "Aetivitiss  in  Solid  ttinary 
Alloy  Sy8tot'.a,"  Sloccronotive  Force  Mess.  Uigii-Ttnp* 

Syst.  Proe.  Synp.  1967  (Pub.  1968)  43-9  (Ung.)* 

2.5. u.  Muon*  A.*  "Aetivity-Cor^osition  Kolations  in  Som  Onido 
and  Alloy  Pliasoa  at  Clovated  Toeptraturas,"  koprint 
frot?  Ttiomudyn.inics*  Vol.  ll»*  Intumatlonal  Atoaie  Energy 
Agci  'w'y,  Vienna.  1966. 

2.5.7,  .Muon,  A.,  and  Taylor,  U.U.,  "Aetlvitlus  of  iron  in  Iron- 
Platlnun  Alloys  at  1,100*C.,"  Trans  of  the  Metallurgical 
Soc.  of  Al!U:,  Vol,  22,  June,  1962. 

2.5.8>  Suiidaruson,  *1.,  <^*rat<imv,  Ya,  1.,  ut  el,  "luvastiiativin 
of  the  rnonaodynaaic  Properties  of  Iron-Placinua  Alleys 
by  an  Slocironotivo  Forcu  Itothod,"  Russian  Journal  of 
rhysical  Cliunistry,  Vol.  37,  .9o.  11,  Muv.  1963. 


-59- 


2.6.  Su-I>t 


2«6il*  Lout>|  R.M.,  "Kvr.pot'At loii  of  Aiuimony  fron  PtHb."  J. 
of  ApplloU  I'hy?.  Vol,  ;f9,  Fob.  196U, 

2»6«2*  .Surrayf  J.J.  anti  iloyUiiu;^  11.1).  •  "bueortpoaiclon  PressuroA 
and  CncliaiploM  of  Formtion  of  Som  Transicion  Siotal 
Dlaraenldta  and  Ulaolonldaa,  Canadian  J»  of  Cliees. 

Vol«  A5t  novt*Uac»1967> 

2{6«3«  Otopkov,  IM',,  C^raalnov,  Ya«  1.,  and  £vaeav, 

"Ttiernodynaale  I'roportios  of  Platlnut^Uad  Ailoya," 

Uokl.  Akad.  tlauk  SSSK  Ul,  jLbA-6(1961) . 

2«6«4t  Roaenbiatit  Oorg  M.*  '*Coneemlng  elm  Evaporation  of  Ub 
and  Sb4  Iron  a  Ftftb  iSource«"  J.  of  Anpllod  i*liyilco»  Fabf 
1967,  “ 

2.6.^.  Sel(Uordtfcfi*tr^.  Klaus,  "'Activity  ifoasuronontu  In  l*t-Fb  and 
Pd-i'b  !kU^  in  ibv  Yenperaturo  ItanRO  gUO'  to  12U0*C||" 
Trana*  of  the  MecajllurRtcai  Sociaty  of  AliQI,  Vol.  236| 
Jan.  1966. 


-60- 


3.  G«neriil  Uetoroncan  Covariitg  Uaca  (m 
iiuvurai  SyNCtins  oiiti  MuCliatla  of 
UiClwacinR  AccivicicH  and  Hoatw  of  Korwation 


3a. 

3a. 

3,3. 


JJjITKi 


Uuiwral 

Wu  have  onXy  aUticr<tcCH  of  choio  marUoU  wich  * 
Ulofecronegaclvicy 

TornAr>*  Aetivii  iois  fror»  Uitiary  u»ca  (UxiUo  UyacoM) 


W.  Ilroncott  ot  nl,  itavo  {iotcraluad  crystal  ucructurss 
of  aovcrai  l*t  ccrspountlfi  by  ruduciop.  corrosponding  oxldas 
with  Ih  in  cho  prcstiucu  of  i*c.  Wu  ara  corrasponding  vltii 
Ilia  in-order  to  obtain  additional  iniorostion  on  tliair 
exporiraoncol  procoduto  in  ordur  to  put  outinatos  on  Cha 
froe  anorglou  of  fomacion  of  several  l*t  compounds* 


-61- 


3a«  fianaral 


UrongtiFi  W#  and  Uletsuti  US,  'M^rcdycltig  Alloya  of  Platiuun 
wich  NoifNcblo  .'focala,"  ?.*  Aitorgi  Allnyia*  Ctiomr  m 
(1/2)  (1902)  58-81. 

3tlt2t  Brongor,  U. ,  '’Preparaciott  and  X-ray  Invaacigacion  of  Platinini 
Alloys  wlt.li  Che  Haro-liarKti  Macaln  (Pc^Ln  and  Pc^hn  Phosaa)," 
Ji  Laai-Coiwon  Hocals,  12  (1967)  63-6Bi 

3fl(3*  BchuU,  tti,  RUipal,  Kt ,  Uronger,  W.,  and  Klemt,  W, , 

"Tfio  Heaccion  of  t&lononts  of  cho  C;.glicU  Bub-Ucoup  wlch 
Oxiidna  of  .Mon-Noblo  Mecnls  In  cita  ll.vdro'gttt\  Streaa," 
2altachrlfc  Poor  Anorganischo  Und  AllBonelna  Chonlo 
3S7,  Uo.  4-6  (1968). 

3*1«4.  Aliurylov,  U.P.,  "Calculntlou  of  cho  Thornodynaaie  Proporclaa 
of  Oxido  Syscens  f.ron  Phaso  biagrAtiti,"  2U.  Fix.  KUie.  1969, 
43(12),  303«8,  (i(uau«). 

3.1.S*  *Uurylav,  U.P.,  "Use  of  Thoory  of  Idual  !:olutlona  on 

Liquid  Alloys  of  Ulllcon  wlch  Lloieoncs  of  Croups  II  to  V," 
Ixv.  Vysahlkh  Uchsbn.  Eavedonll,  Chem.  Mec*  6(8), 

3S-4U  (1963)(Uuas.)« 

3.1.6*  *Ctiaevskil,  H.  1.,  "niercodyiiaeic  Activity  as  a  Critarlon 
of  Che  Uonkenlng  Action  of  Corroslvo  holts,"  FlSi-KItloi 
tiaklian.  Macarlalov,  M;ad.  hank  Ukr.  6Hit  1(6),  637-42 
(1963)(Kus8,)« 

3.1.7.  Douglass,  R«U. ,  lloldon,  F.C. ,  and  daffou,  U.I., 

Teaperatuca  Proporclof.  and  Alloying  Behavior  of  Che 
Ral'ractory  Placlnuta-Croup  Iktcals,"  Tuelmlcal  Phaso  KaporC, 
Aug.  14,  1959,  Uatculltt  Honorlal  Inst.,  Columbus,  Oiilo 

3.1.8.  HllioCt,  KfP.,  Pc-81,  Pc-Zn,  Constitution  of  Binary  Alloys, 
HcCraw  Hill,  Siew  York,  1965. 

3. 1/,'-.  *Haase,  Rolf,  "Activity  CoofflclonCs  for  Ionic  Molts," 

J.  riiys.  aiec.  1969,  73(4),  116U-.»  (Rug.). 

3.1.10.  Hanson,  M. ,  "Pc-Sb,  Pc-Sl,  Pi-2n,"  Conscicutien  of  Binary 
Alloys,  hcCraw  Hill,  How  York,  1958. 

3.1.11.  ^Uiranuoa,  MLcsuynsu,  "Activity  Coefficients  of  Traco 
Components  in  a  Huiti-Cocponcnc  Mixture,"  Kagaku  Kogaku 
31(1),  94(1967) (Japan). 

3.1.12.  Hulcgren,  ct  al.,  "Selected  Values  of  Tliermodynamie 
Proper tlos  of  Matals  and  Alloya,"  Wiley,  Hew  York  (1963). 

3.1.13.  Kaufnon,  L.  and  Bemetein,  11.,  "Computer  Calculation  of 
Ptiase  Diagrame,"  Acadoala  Proas,  Situ  York  and  London,  1970. 


.62. 


3.1.14. 

3.1.15. 

3.1.16. 

3.1.17. 

3.1.18. 

3.1.19. 

3.1.20. 

3.1.21. 

3.1.22. 

3.1.23. 

3.1.24. 

3.1.25. 

3.1.26. 


Kelley,  K.K.,  "Cent rib utlona  Co  Cite  Daca  on  Thcoreclcal 
McCallurgy,  Xlll,  High-TemperaCure  lleaC  Concenc,  UeaC- 
Capacicy,  and  Encropy  Daca  for  Che  Uleinence  and  Inorganic 
Compounds,"  Uullccln  584,  bureau  of  Mines,  (1960), 

Kelley,  K.K. ,  and  King,  E.G. ,  "ConcrlbuClons  Co  Che  Data 
on  TheoreClcal  Metallurgy,  XIV.  Entropies  of  the  Elements 
and  Inorganic  Compounds,"  Uulletln  592,  Bureau  of  Mines  (1961). 

AKrupkowskl,  A,,  "Method,  Based  on  Equilibrium  Diagrams, 
of  Calculating  the  Metal  Activity  In  Irregular  Solutions 
lAien  No  Changes  of  State  Occur,"  Bull,  Acad.  Polon.  Scl., 

Ser.  Scl.  Tech,  7,  333>40  (1959) (Eng.) , 

Kubaschewskl,  0.,  "The  Critical  Assessment  of  the 
I'hysicochemocal  Properties  of  Substances,"  AEG  Conference 
of  Thermonuclear  Materials, 

Kubaschewskl,  0,,  "The  Problem  of  the  Stability  of 
Intermetalllc  Phases,"  Proceedings  of  a  Symposium  held 
at  the  National  Physical  Laboratory  on  4th,  5th,  and 
6th  of  June,  1958, 

Kubaschewskl,  0,,  Evans,  E.  LL, ,  Alcock,  C,B,,  "Metallurgical 
Tliermochemlstry ,"  Pergamon  Press,  New  York,  1967. 

Kubaschewskl,  0.  and  Slough,  U, ,  "Recent  Progress  In 
Metallurgical  Thermochemistry,"  Pergamon  Press,  Progress 
In  Materials  Science,  Vol,  14. 

Kubaschewskl,  0.,  and  Sloman,  H.A, ,  "Relations  Between 
Physical  Properties  and  Bond  Mechanism  of  Intermetalllc 
Compounds,"  National  Phys.  Lab.,  Symp,  No,  9  (1959). 

Mott,  B,W,,  "Liquid  Immisclbillty  In  Metal  Systems," 
Philosophical  Mag,  p,  259ff,  1957. 

*Remy,  J.C.,  "Determination  of  Activities  of  Constituents 
of  a  Homogeneous  Phase,"  Therroodyn.  Chlm, ,  Reel.  Trav. 

Sess,  1967  (Pub.  1969)  177-89  (Fr.) 

'’arley,  J.11,0,,  "The  Calculation  of  Meats  of  Formation 
of  Binary  Alloys,"  Philosophical  Magazine  ^  (1954). 

'•’’Ukhov,  VoF, ,  Esin,  0«A,,  Vatolin,  N,A, ,  Dubinin,  E.L., 
"Calculation  of  the  Activities  of  Binary  Metal  Alloys 
on  the  Basis  of  their  Molar  Volumes,"  Tr,  Inst,  Met,, 

Sverdlovsk  1969,  No,  18,  87-103  (Russ.). 

’^’’Zadumkin,  S.N,,  Zvyagina,  V,Ya. ,  "Effect  of  Small  Additions 
on  the  Surface  Tension  of  Metals,"  Izv,  Akad.  Nauk  SSSR 
Metally  1966  (4),  58-63  (Russ,). 


-63" 


3«l«27t  Wagner,  C.,  "Thermodynamics  of  Phase  Diagrams  of  Binary 
Systems  Involving  Compounds,"  Acta  Metallurglca,  Volo  6, 
May,  1958. 

3olo28.  Kelley,  K.K, ,  "Heats  and  Free  Energies  of  Formation  of 

Anhydrous  Silicates,"  Dept,  of  Interior ^  Bureau  of  Mines, 
No.  5901,  1962, 

3.1.29,  Steiner,  A.,  Miller,  E.,  and  Komarek,  K.L, ,  "Magneslum-'Tln 
Diagram  and  Thermodynamic  Properties  of  Liquid  Magnesium- 
Tin  Alloys,"  Trans,  Met,  Soc.  AIME,  230.  Oct,  196A, 
1361-1367. 

3.1.30,  Colin,  R, ,  and  Goldflner,  "Correlation  of  Dissociation 
Energies  of  Gaseous  Molecules  and  Heats  of  Vaporization 
of  Solids,"  Condensation  and  Evaporation  of  Solids,  E, 
Rutner  Ed,;  Gordon  &  Breach,  New  York,  1964, 

3.1.31,  Drowart,  J.  and  Goldfinger,  P,,  "Investigation  of  Inorganic 
Systems  at  Hlgli-Temperature  by  Mass  Spectrometry," 
^gewandte  Chemie  Intemat,  Ed«,  Vol  6(1967)  No,  7, 

3.1.32,  Gingrich,  K.A, ,  "Gaseous  Metal  Nitrides  III  On  the 
Dissociation  Energies  of  Diatomic  Group  III-VI 
Transition  Metal  Nitrides,"  Journal  of  Chemical  Physics, 
Vol.  49,  No.  1,  July  1,  1968. 

3.1.33,  Alexander,  C,A. ,  et  al. ,  "Thermodynamic  Characterization  of 
Interroetalllc  Compounds  of  High  Stability:  NlAl," 

Submitted  to  J,  Chem,  Phys,  12/4/70. 

3.1.34,  Schwerdtfeger,  K,  and  Engel,  H, ,  "Activity  Measurements 
In  Nlckel-Slllcon  Melts  In  the  Temperature  Range  1480*- 
1610*C",  Transactions  of  the  Metallurgical  Society  of  the 
AIME,  ^  July  1965,  pp,  1327-1332, 

3.1.35,  Prutton,  C.F, ,  and  Maron,  S,H,,  Fundamental  Principles  of 
Physical  Chemistry,  Macmillan,  New  York,  (1951), 

3.1.36,  Bronger,  W. ,  Private  Communication,  4/10/70, 

3.1.37,  Wengert,  P,K, ,  Ph.D,  Thesis,  "Thermodynamic  Stability  of 
Certain  Intermetalllc  Compounds  Made  From  Transition 
Elements,"  UCRL-18727,  1969, 

3.1.38,  Alcock,  C.B,,  and  Hooper,  G.W, ,  "Thermodynamics  of  the 
Gaseous  Oxides  of  the  Platinum-Group  Metals,"  Royal 
Society  Proc,  254  (1960)  551-561, 

3.1.39,  Coughlin,  J,P.,  "Contributions  to  the  Data  on  Theoretical 
Metallurgy,  Xll,  Heats  and  Free  Energies  of  Formation  of 
Inorganic  Oxides,"  Bulletin  542,  U,S.  Bureau  of  Mines 
(1954,), 


“  64“ 


3,1,40. 


Hildebrand,  J.iU,  and  Scott,  RtL,,  "Regular  Solutions," 

I’l'entice-ll.ill ,  lhiplcv;ood  Clifffs,  Hew  Jersey,  1962, 


-65- 


3«2.  Electronegativity 


3«2.1«  Douglas,  B.Et,  and  McDaniel,  Doll. ,  "Concepts  and  Models 
of  Inorganic  Chemistry,"  Blisdell  Publishing  Co., 

New  York  (1965) . 

3o2.2.  Mott,  BoW.,  "Immlscibillty  in  Liquid  Metal  Systems," 

Jnlo  of  Materials  Science  3  (1968)  424-435o 

3,2,3«  Pauling,  Linus,  "The  Nature  of  the  Chemical  Bond  and  the 
Structure  of  Molecules  and  Crystals,"  Cornell  University 
Press,  1960. 

3.2.4.  Pauling,  L. ,  "General  Chemistry,"  1970. 

3.2.5.  Sanderson,  R.T. ,  "Inorganic  Chemistry,"  Relnhold  Publishing 
Corporation,  New  York  (1960). 

3.2.6.  Gordy,  W. ,  and  Thomas,  W.J.O.,  "Electronegativities  of 
the  Elements,"  Jnl.  of  Chem.  Physics,  Vol.  24,  No.  2, 

Feb.  1956. 


-66- 


3>3«  Ternary  Activities  from  Binary  Bata 
(Relevant  to  Oxide  Systems) 


3.3.1.  loop,  G.W.,  "Predicting  Ternary  Activities  Using  Binary 
Data,"  Trans,  of  the  Metallurgical  Society  of  A7ME,  Vol. 
233,  May  1965. 

3.3.2.  Richardson,  F.D.,  "Activities  in  Ternary  Silicate  Melts," 
Trans.  Farady  Soc.  ^  (1956), 


-67- 


APPENDIX  II 

CALCULATION  OF  METAL  OXIDE  ACTIVITY 
IN  SILICA  FOR  GLASS  NO.  5 . 


^eO  ®Me0 

^MeO 

Component 

X 

X 

X 

Si02 

0.593  0,63 

0.37 

AI2O3 

0.025 

1,3  X 

K2O 

2.12  X  10-7  6.3 

X 

10-3 

CeO 

1,6  X  10-3 

Fe203 

9. A  X  10- ® 

1.5  X  10-^3 

Na20 

2.42  X  10-7  6  3 

X 

10-7 

Li20 

0.275  2.0 

X 

10-3 

5.5  X  10-3 

Nd20  3 

0.005 

CaO 

0.100  7,6 

X 

10-2 

7.6  X  10-3 

Mole  fraction 

of  network  formers  *»  x„.»  + 

SiO„  Al„ 

0.  ’ 

0.593  +  0.025  -  0 

Mole  fraction  of  network  ino.dlfiers 


*K20  ^Ce02  ^  ^  ^  "  0.382. 

From  Charles  (Ref,  1.1,3.)  the  activity  coefficient  of  Li.O  iy..  _)  at 

4  ^^2^ 

a  mole  fraction  of  0.332  is  2.0  X  10~^  at  1533°K.  Since  the  activity 
is  defined  as  the  product  of  the  activity  coefficient  and  the  mole 
fraction 

\i  0  “  ^*Li  0^^’^Li  0^  "  ^  ^  “  5c5  X  10”^. 

2  2  2 

Similarly  from  Charles  the  activity  coefficient  of  K^O  at  a  mole 
fraction  of  0.382  is  6,3  X  10”^;  therefore 

=  1,3  X  10-10 

Ray  (Ref,  1,1,17)  gives  a  value  of  Yq^q  of  7,6  X  10-2  gt  1873'’K. 

=  7.6  X  10-3 
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APPENDIX  III 

CALCULATION  OF  ACTIVITIES  AND  ACTIVITY  COEFFICIENTS 
FROM  BINARY  FREE  ENERGY  OF  FORMATION  DATA 


BaO(c)  +  2Si02(c)  -  liaSi^O^Cc) 


AF'soQOj^  -  -  41,300  cal/g.mole 


AF  -^F®  +  RT  In  a 


BaSi205 


Aasuine: 

1) 

AF  -  0  ( 

system  at  equilibrium) 

2) 

Activity 

of  SiO^  -  1 

3) 

Activity 

of  BaSi.O..  =  1 

/  ^  t  JZML. 

^®BaO^  ”  RT 

then  In 

a„  _  -  10-5.86  a  1.38  X  10-6 
Bao 

*BaO  »  1/3 

/  =  »1.38  X  10“” 

"^BaO  *  ®BaO'^aO  0,333 

Y„  ^  =  4,18  X  10-6 
BaO 


APPENDIX  IV 

CALCULATION  OF  THE  ACTIVITIES  OF  METALS  IN  PLATINUM 


lo  silicon 

lol.  Method  1 

Pt 

The  activity  of  Si  in  Pt  can  be  related  to  the 

free  energy  of  formation  (AFp  or  the  heat  of  formation  (Allp  of  a 
Pt-rlch  Sl-Pt  Intermetalllc  compound^  such  as  SlPt^o  AU°  (SlFt^) 
can  be  estimated  knowing  AH^s  of  similar  compounds  <> 

SI  (pure  solid)  ->  SI  (in  Pt) 

AF  -  AF*  +  RT  In 

®Si(in  Si) 

SI 

Choosing  SI  (pure  solid)  as  the  standard  state,  a^^  ■  1  and  AF‘  ■  0> 

dX  ITX 

A 

•••iF  .  RT  In 

Because  both  reactants  and  products  of  the  reaction  are  solids, 

AS  ®  +  2  cal/deg.  mole  and  |  AH|  >>  |  TAS  j 
/.AH  .  AF  -  RT  in 


Adding  Pt  to  both  sides  of  the  reaction,  one  obtains: 

3Pt  +  SKpure  solid,  ISSS^K)  si(in  Pt,  ISSS^K)  +  3Pt 


AF, 


Si(in  Pt,  298®K)  +  3Pt(298‘’K) 


Sl(in  SlPt 


tL  298'’K)  + 


3 

/N 


3Pt(in  SiPt2,298*K) 


3Pt  +  SKpure  solid,  298'’K) 


s 


SiPt_(293‘’i;) 


AF. 


Because  AF^^  Is  path  Independent: 

AF  «  J;A]’ ,  -  AF,  +  AF„  +  AF.  +  AF,  +  AF. 

rx  X  1  2  3  4  5 

AF2  -  AFpSiPtji  298*K) 

AF^  ■  0  because  the  SI,  Ft,  and  SlPt^  are  In  equilibrium  within  the  SlPt^  phase, 
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APPENDIX  IV  (cont*d) 


Log 


AF^aO  when  the  Pt  and  SlPt^  phases  are  In  equilibrium^ 

AFj^=  AF^  because  ACp  for  the  reaction  (rx)“  0  and  AF^=  AH^» 
^^rx  "’^^2  "  '^fJCSiPt^,  298'’K)  -  RT  In  agj 
solving  for 

.  AF|(SiPt3,  298-K) 

®Si(in  Pt)  - Sp - 


AF°(SlPtg)  has  not  been  experimentally  determined, 
AU°(SlNlg)  has  been  determined.  Assume: 


AF“(SiPt.)=  AH“(SiPt  )=  AH*(SiNi  )  =  -35,5  kcal/mole  (Ref.  3.1.19,  p,  340) 

-(35.500)  ^  -»-5 

^Si(inPt)  “  (2.303H1.987)(1533)  "  *Si(in  Pt)  " 

1.2.  Method  2 


Assume: 

®Si(Pd,  ISSO^C) 


^i(Pt)  -  ag,(p,j 

4.3  X  10-5  for  jtg^  -  0.26  (Ref.  2.4.2.,  p.  115) 
“si(Pt)  ■  '’•5  * 


1.3.  Method  3 


Assume 


®Si(Re)"  ^Si(Pt)“ 
®Si(Pt) 


®Si(Pt)  "  ®Si(Re) 

RSgSi  -*>  3  Re  +  Si 
AG”  =  A.  +  BT  Log  T  +  CT 
A  «•  24,600;  B  -  0;  C  -  +5 
^°’Re^Si(1533‘’K)  "  -51*760 
-31.700 

(2.303) (1.987) (1533) 

10-^0 53 


1.4  Method  4 


(Ref.  3.1.19,p,  341) 


Assume : 

®Si(Pt)  "  ®Si(Ni) 


®Si(Pt)  "  ®Si(Ni) 
*Si(Ni)  ^Si(Ni)  " 

®Si(Pt)  " 
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-  10 


-5 


(Ref.  3.1.34, 


p.  1330) 


2»  Calcium 


Ca  +  2Pt  CaPt2  (Ref.  3.1.8,  p.  246) 

No  thermodynamic  data  Is  available. 


Assume: 


®Ca(Pt) 


^"caPt2  "  ^ 

■(-IQ. 000)  (3) 

(2.303) (1.987) (1533) 


®Ca(Pt) 


10 


-4,27 


4,27 


3^„Jjithiun^ 

LI  +  2Pt  -*•  LlPt2  (Ref.  3.1.8.,  p.  586) 

"Contamination  free  LI  and  Pt  react  In  a  violent  exothermic  reaction 
at  540” C  In  a  vacuum  or  .in  Inert  atmosphere  to  form  the  compound 
LiPt2,"  (Ref.  3.1.8.,  p.  586) 


^Boiling  (Li)  ■  1329-C  (Ref.  3.1.19,  p.  377) 

Assume  that  for  the  reaction  to  be  violent,  boiling  of  LI  must  occur. 


AH  ■  C  AT  +  AH  /,.,v 

p  vaporization  (Li) 

Cp'\'  6.3  (Ref.  3.1.35,  p.  114) 

■'”vaporization  (Li)  “  ^  P»377) 

AH  -  (6. 3) (1330  -  540)  +  35,500 
■  40,500  cal/mole 

for  an  exothermic  reaction  AH  is  negative 
AH  'vAF  (from  1.1) 


®Li(Pt) 


-40.500 

(2.303)(1.987)(1533T  " 


®Li(Pt) 


10-5,77 


4.  Aluminum 


4.1.  Method  1 


assume: 


Log  a 


Al(Pt) 


A1  +  Pt  -*•  AlPt 

AF*  =  AF*  AH* 

^AlPt  AlNi  AlNi 

AH^Uji  ■  28,300  cal/mole 
-28.300 

(2.303) (1.987) (1533) 

,-4 


®Al(Pt)  " 
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(Ref.  3.1.8.,  p.  50) 
(Ref.  3.1.19,  p.  342) 

-4.03 


4.2.  Method  2 


AFpt  ^  -52.6  cal/mole 
-52,600 

^AlO’t)  “  ‘(2.303H1.987)(1533) 


(Ref.  3 


.  “Al(Pt) 


-7.5 


-  7.5 


Note:  For  aluminum  method  2  Is  preferred. 


5.  Barium 


Ba  +  5Pt  BaPt. 


(Ref.  3.1.10, 


No  thermodynamic  data  Is  available. 
Assume: 


I  (-10.000) (6) 

®  “Ba(Pt)  “  (2.303) (1.987) (1533) 


»  -  8.55 


®Ba(Pt)  “ 


-8.55 


6.  Titanium 


3  Pt  +  Ti  TiPt. 


AF“ . 
TiPt. 


-  9.2  K  cal/g.a. 


(l^f.  3.1.8. » 
(Ref.  3.1.13.1 


(-9100) (4)  .  „ 

ULog  -  (2. 303) (1.987) (1533)  "  "  * 


®Tl(Pt)  ” 


-5.2 


7. _ Iron 


8.  Antimony 


'‘Fe(Pt)  " 


assume: 


2Sb  +  5Pt  -►  Pt^Sb^ 

AF”  =  AF® 

“‘ptjSb^  NljSb^ 


(Ref.  3.1.10. 


cu  ■  -  36.4  K  cal/mole 
Ni^Sb^ 


^  ®Sb(Pt)  (2, 30^/(1.987) (1533) 

a  - 

Sb(Pt) 


»^00 

10‘ 


(Ref.  3.1.19,  F 
■  -  5.2 


.1.36) 

,  p.  273) 


p.  752) 
p.  189) 

»  P.  338) 

,  p.  1138) 

.  340) 


-73' 


%u,  .ftFlHa 


C«  +  2PC  C«l'c. 


A1‘® 

CoPt, 


-5^  U  cal/molo 

.  -  -S5.0Q0 

•co(Pt)  Ut30iWl.‘3«7)6533) 

•ce(Pt)  “ 


(Itef.  3.1.10,  p.  460) 
(Hot.  3.1.37.) 

-  -  7.84 


10.  OthT  ActlvitiM 
M.,  u.u» 

K, 

B.  «.«.  .  10-'-* 

*••  “•“•  ‘..(Pt)  •  •sb(Pt)  ■ 

•7  48 

Nd.  «.u»i  -  10  • 

Pb.  ».b»  -  io-2-‘ 

zn.  «.u»  .jjpjp,)  .  .  W-2-‘ 
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